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j (54) Title: METHODS FOR PRODUCING MEMBERS OF SPECIFIC BINDING PAIRS 

: (57) Abstract Fab 

j A member of a specific binding pair (sbp) is identified by 

• expressing DNA encoding a genetically diverse population of such 
members in recombinant host cells in which the sbp members 

! - displayed in functional form at the surface of a secreted recom- 
binant genetic display package (rgdp) containing DNA encoding 

i the sbp member or a polypeptiae component thereof, by virtue ol 

I the sbp member or a polypeptide component thereof being e*- 

: , . Hi as a fusion with a capsid component of the redp. The dis- 

, V - sbps may be selected by affinity with a complementary sbp 
£„T , rV nd , the ° N u A from selected rgdps for expres- 

k ' *!. Sbp mcmben - Antibody sbp members may be 

^l/^T^ ^ lhC difrerem thereof "pressed, one 

lused to the capsid component and the other in free form for asso- 

° a "°« «"» f««ion partner polypeptide. A phagemid mav be 

™2« ^ express,on vector . capsid fusion helping to 

Package the pnagemid DNA. Using this method libraries or DNA- ' 
| "codrng respective chain* of such multimeric sbp members may 
: ~ "™ blned * lher e°y obtaining a much greater genetic diversity in 
: meth ds. me,m th3n C ° Uld CaSi,y be obtained bv conventional 
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presen- ir.verr.icr. relaxes ~c neir.ccs r~ 
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The ==-es«»w _ re£er ,- irv 

isc relates ^"the cicicgicai binding 



fcr a civei 



rh . eoven? of° n^o^I^^^ ?Kohler^C. ^n^^s.e. 
in C ^75 Nature 255: 495) representee a sicr.irican. .ec....-ca 
b'-e'ak-througfTwith important consequences =o.r. 
s-- entif icallv and commercially . 

S " 8 Monoclonal antibodies ^V^^ ^ <i 
establishino an immortal mammalian cell line wn.c. -s 

- le- ved f rom a single immunoglobulin procuring ^cel- 

- ^creting one ^^iJ^^J^^^^ 
I ^^-^^ P ^^ c^lY line ^s.^. - 

20 :° e b t XC sDecr£icitv " for a particular antigen ana the 
-eo-oducibility with which they can be manuiactured. -~ MC 
.ep-oduc biX ^ sim piest antibody (IgG) comprises 

-ou- poivoeptide" chains, two hwvy (H) chains and 
(°V chains P inter-connected by disulphide bonds (see .igure 
' ) The light chains exist in two distinct forms <=aJLiea 
kaooa (K) and lambda (A). Each chain has a constant region 
( and a variable region (V). Each chain is ^ganize* into 
a series of domains. The light chains have two domains. 
30 corresponding to the C region and the other ~ * r «S XO £; 

The heaw chains have four domains, one corresponamg wO the 
re nand three domains (1.2 and 3) in the Cregion. The 
anybody has two arms (each arm being a Fab region), each of 
SnZch has a VL and a VK region associated with eacn other. 
t- t n<s oair of v recions ( VL ana VH ) that aiffe. -™ 

- 3 one antibody to another .owing to amino acid 1 seo^enc 
variations) and wnich tooether are responsible for 
4coanYsing the antigen and providing an antigen finding 
~st%l ?ABS) in even more detail, each V region ^ maae up 
40 from three complementarity deter mining I re^ns .CDR) 
senarated bv four framework regions (FR). *ne CDR s are ^ne 
III- viable part of the variable regions, and they perform 
th^crltical^ntigen binding function The CDR regions are 
derived from many potential germ line sequences v*aa 
45 complex process involving recombination. mutation and 
selection ^ ^ ^ funcxion of binding' antigens 

can be oerformed by fragments of a whole antiboay . ^«-P£ 
binding "fraaments are (i) the Fab fragment consisting or che 
= 0 V* VK CL and CK1 domains; ( ii ) the Fd fragment 

of' the VH and CK1 domains: ( iii ) the Fv fragment coMigjg 
of the VL and VH domains of a single arm or an ^ ib |°^ 
°*v> the dAb fraament (Ward. E.S. et al.. Nature 3£. 544 
^46 \1SQ9) -mich consists ef a VH domain: :v) isolatea CDR 
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;cr.cri3ir.c twc Fac fracrr.er.ts lir.Kec by a c:su.:r.:c^ rricce 
at ths r.mce region . _ 

Aitr.oucn the two cc-air.s cf the rv fracrr.ar.r are cccec 
5 ;cr bv separate genes. it has craved possible " —aKe a 
3;T.tr.et:c "linker mac enacies tnem tc be made as a sincle 
crcteir. cnam (known as single cr.ain Fv i sc: v j ; Eire. ?. 
ex ai.. Science 242 , 423-426 (1988) Huston. J.S. et ai . , 
?roc. Natl. Acac. Sci . . USA 85, 5S79-58S2 ; 198S i by 

IC recombinant memoes . Tnese scFv fragments were asserr.ciec 
from genes from monocionais that had been previously 
isolated. In this application, the applicants describe a 
process to assemble scFv fragments from VH and VL domains 
that are not part of an antibody that has been previously 

15 isolated. 

Whilst monoclonal antibodies, their fragments and 
derivatives have been enormously advantageous, there are 
nevertheless a number of limitations associated with them. 

Firstly, the therapeutic applications of monoclonal 

20 antibodies produced by human immortal cell lines holds great 
promise for the treatment of a wide range of diseases 
(Clinical Applications of Monoclonal Antibodies. Edited by 
£. S. Lennox. British Medical Bulletin 1984. Publishers 
Churchill Livingstone). Unfortunately, immortal antibody- 

25 producing human cell lines are very difficult to establish 
and they give low yields of antibody (approximately 1 
yg/ml). In contrast, equivalent rodent cell lines yield 
high amounts of antibody (approximately 100 jag/nil ) . 
However, the repeated administration of these foreign 

30 rodent proteins to humans can lead to harmful 
hypersensitivity reactions. In the main therefore, these 
rodent-derived monoclonal antibodies have limited 
therapeutic use. 

Secondly, a key aspect in the isolation of monoclonal 

25 antibodies is how many different clones of antibody 
producing cells with different specificities, can be 
practically established and sampled compared to how many 
theoretically need to be sampled in order to isolate a cell 
producing antibody with the desired specificity 

40 characteristics (Kilstem, C. , Royal Soc. Croonian Lecture, 
Proc. R. Soc. London, B. 239 ; 1-16, (1990)). For example, 
. the number of different specificities expressed at any one 
time by lymphocytes of the murine immune system is thought 
to be approximately 10 7 and tiiis is only a small proportion 

45 of the potential repertoire of specificities. However, 
during the isolation of a typical antibody producing cell 
with a desired specificity, the investigator is only^able to 
sample 10° to 10* individual specificities. The problem is 
worse in the human, where one has approximately 10 x * 

50 lymphocyte specificities, with the limitation on rumpling of 
10° or 10^ remaining . 

This problem has been alleviated to some extent in 
laboratory animals by the use of immunisation regimes. 
Thus, where one. wants to produce monoclonal antibodies 

55 havina a specif icitv against a canicular epitope, an animal 
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, s .. ?tUnlse c with an irur.unocen expressing that epitope. The 
a— -al wii" "hen mount an immune response acamst tr.e 
i^unoaen and there will be a prciif eranor. c: ■ympnccytes 
wnicr. nave soecificity against me epitope. Cwmc tc t..is 
ieraticn c: Ivmonocytes vitr. the ciesirec s?ec:::ci:y, 
"^t becomes easier to detect them in the sampling procedure, 
however, this anoroach is net successful in ail cases, as a 
suitable immunoaen may not be available. furthermore, where 
one wants to oroduce human monoclonal antiboaies leg rcr 
10 -he-aoeutic adniinis -ration as previously discussed), such an 
aoproach is not practically, or ethically, feasible. 

In the last few years, these problems have in part, 
been addressed by the application of recombinant DNA methods 
-o t he isolation and production of e.g. antibodies and 
15 fragments of antibodies with antigen binding ability, in 
bacteria such as E.coli . _ 

This simple substitution of immortalised cells with 
bacterial cells as the 'factory 1 , considerably simplifies 
procedures for preparing large amounts of binding molecules. 
20 Furthermore, a recombinant production system allows scope 
for producing tailor-made antibodies and fragments thereof. 
For example, it is possible to produce chiraaeric molecules 
with new" combinations cf binding and effector functions, 
humanised antibodies (e.g. murine variable regions combined 
25 with human constant domains or murine- antibody CDRs grafted 
onto a human FR ) and novel antigen-binding molecules. 
Furthermore, the use of polymerase chain reaction {PCR) 
amolification ( Saiki , R.K., et al. , Science 239, 487-491 
(1988)) to isolate antibody producing sequences from cells 
30 (e.g. hybridomas and B cells) has great potential for 
speeding up the timescale under which specificities can be 
isolated. Amplified VH and VL genes are cloned directly 
into vectors for exoression in bacteria or mammalian cells 
(Orlandi, R. , et al .\ 1989. Proc. Natl. Acad. Sci., USA 86, 
25 3633-3837; Ward, E.S., et al., 1989 supra: Larrick, J.W., et 
al., 1989, Biochem. Biophys. Res. Commun. 160, 1250-1255; 
Sastry, L. et al.. 1989, Proc. Natl. Acad. Sci., USA. , 86, 
5728-5732). Soluble antibody fragments secreted from 
bacteria are then screened for binding activities. 
40 However, . like* the production system based upon., 

immortalised cells, the recombinant production system still 
suffers from the selection problems previously discussed and 
therefore relies on animal immunization to increase the 
prooortion of cells with desired specificity. Furthermore, 
4 5 some of these technioues can exacerbate the screening 
problems. For examde, large -separate H and L cnain 
libraries have been produced from immunized mice ana 
combined toaether in a random combinatorial manner prior to 
screening (Huse. W.D. et al. , 1989, Science 246 , 1275-1281. 
50 WO90/14443; W090/14424 and WO90/14430). Crucially however, 
the information held within each cell, namely the original 
pairing of one L chain with one H chain, is lost. This 
"loses some, of the advantaae gained by using immunization 
protocols in the animal. Currently, only libraries derivea 
55 from sinale VH domains ( dAbs; Ward, E.S. , et al. , 1989, 



pcT/o»°t /on?- 

WO 92/01047 



30 



40 



4 5- 



all antiboay VH coT.ains are capsule c:^ _ i ^= -i r.g _^ r --j^*-/^ ]\ 
have t= oe screened. scci.icr.. :.-s -rc=_e... jY--~~ -I ^ 

screening -any differed specincities ... .• 

3 remains tc be solved. _ _ / 

Thus, there is a need rcr a screens-? = : s.«... 
amei-- crares cr overcomes one or -.ere or me soove cr c.r.= . 
C r 0= "ems. The ideal sysrem would allow we sair.cj.inc cr ver\; 
iarce numbers cf specificities (eg 10° and hicner!. raric 
-0 sorting at eacn cicainc round, anc rapic trar.srer c: z..^ 
aeneric maxeriai coding for the binding molecule rro- one 
staoe of the production process, to the nex- stage. 

" The most attractive candidates for this type cr 
sc-eenina, would be orokaryotic organisms (because rney crow 
cu " ck i v " are relatively simple to manipulate anc because 
ia-oe numbers of clones can be created) which express anc 
disc-lav at their surface a functional binding aomam eg. an 
antibody, receotor. enzyme etc. In the UK patent Go 
7 137631B methods for the co-expression in a single nost ceil 
20 o^ the variable H and L chain genes of immunoglobulins were 
disclosed. However. the protein was expressed 
intracellulars and was insoluble. Further, the protein 
recuired extensive processing to generate antiboay .ragments 
with binding activity and this generated material with only 
2* a fraction or the binding activity expected for antiboay 
aaments at this concentration. It has already been shown 
rhar antibodv iraoments can be secreted through bacterial 
membranes with the appropriate signal peptide ( Skerra . a. 
and Pluckthun. A. 1968 Science 240 1038-1040; Better. M et 
al 1988 Science 240 1041-1043) with a consequent increase 
in the ' bindinc activity cf antibody fragments. ™ ese 
methods reouire" screening of individual clones for binding 
activity in the same wav as do mouse monoclonal antiboaies. 

x t has not been shown however, how a functional binomg 
domain ea an antibody, antibody fragment, receptor, enzyme 
etc can be held on the bacterial surface in a configuration 
which allows samolina of say its antigen binding properties 
and selection for clones with desirable properties. in 
large part, this is because the bacterial surface is a 
comolex structure, and in the gram-negative organisms there 
is "an outer wall .which further complicates the position. 
Further, it has not been shown that eg an antibody aomain 
will fold correctly when expressed as a fusion witn a 
surface protein of bacteria or bacteriophage. 

Bacteriophage are attractive prokaryote related 
oroanisms for this type of screening. In general, their 
surface is a relatively simple structure, they can oe crown 
easily in larae numoers. they are amenable to the practical 
handling involved in many potential mass screening 
50 orogrammes. and they carry genetic information for their own 
synthesis within a small, simple package. The ai^—culty 
has been to practically solve the problem or how to use 
bacterioohaaes in this manner. A Genex Corporation patent 
application number WO88/06630 has proposed that .ne 
= s bactenoonaae lamoda would be a suitaole venicle ==r -ne 
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D v—essior. of a-tibodv ir.ciecuies. bu ..hey cc ' •= 
^eecr.ir.c wnicr. e.naoies tr.e general idea r= De^car.iec 
-c- examoie WO8S/06630 does r.or aemons--3.= ^..a . «... 
oecuencesi (a) have been expressed as a fusiw v::.. cene \: 
= (bj have been excressed or. me surrace cr :£■■--=• v«- : 
-ave-been excressed so that rhe prorein retains ciclccicai 
ac _. — - -Jr-herncre there is no reaching cr. how rc screen 
suitable fusions. Also, since rhe lambda virions are 
assembled wirhin rhe cell. rhe fusion prorem woulc be 
10 expressed inrracellularly and would be predicred ro be 
inactive Bass er al . . in December 1990 ( af rer rhe earliest 
or-oriry date for rhe present application) describe aelennc 
pa^t of gene III cf the filamentous bacteriopnage MIj anc 
inser-inc the coding seauence for human growth hormone ( hGK ) 
Vc into the N-terminal site of the gene. The growth hormone 
disdayed by M13 was shown to be functional- (Bass. S.. et 
al " p-r-oteins. Structure, Function and Genetics (1990) 8: 
309-314). A functional copy of gene III was always present 
in addition, when this fusion was expressed. A Protein 
20 Enoineering Corporation patent application WO90/02809 
proposes the insertion of the coding sequence for bovine 
pancreatic trypsin inhibitor ( BPTI ) into gene VIII of M13. 
However, the prooosal was not shown to be operative. For 
example' there is* no demonstration of the expression of BPTI 
25 sequences as fusions with protein VIII and display on the 
su -f ace of M13. Furthermore this document teaches that when 
a fusion is made with gene III, it is necessary to use a 
second synthetic copy of gene III. so that some unaltered 
gene III protein will be present. The embodiments of the 
30 present application do not do this. In embodiments where 
phagemid is rescued with M13K07 gene III deletion phage, 
there is no unaltered gene III present. 

WO90/02809 also reaches that phagemids that do not 
contain the full genome of M13 and require rescue by 
35 coinfection with helper phage are not suitable for these 
purposes because coinfection could lead to recombination. 

In all embodiments where the present applicants have 
used phagemids. they have used a helper phage and the only 
sequences derived from filamentous bacteriophage in the 
40 phagemids are the. origin of replication and gene III 

seauences. . . 

" WO90/02809 also teaches that their process needed 
information such as nucleotide sequence of the starting 
molecule and its three-dimensioned structure. The use ^of a 
45 pre-existing repertoire of binding molecules to select for a 
binding member, such as is disclosed herein, for example 
using an immunoglobulin gene repertoire of animals, was not 
disclosed. Further. they dc not discuss favouring 
variegation of their binding molecules in natural blocks or 

50 variation such as CDRs of immunoglobulins. in oraer to 
-avour generation of improved molecules and or vent 
unfavourable variations. WO90/02809 also specifically 
excluded the application of their process to the production 
of scFv molecules. 

35 m each of the above discussed patents (M088/06630 ana 
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polypeptide c.icir. . Tnere is r.o disclosure c: ^ ~err.cc ::r 
ine cispiay c: a cinenc ".oiecuie by expressicr. c: cr.e 
.T.oncmer as a fusicr. wi:h e cepsic prcrecr. ar.c me crr.er 
5 prcreir. In a free fcrr.. 

Anotner disclosure published ir. May 1991 .cf-er rr.e 
earliest pricrny cere for the present sppi ^ ca r - cr. ) 
describes The insenion into gene VIII of K13 . me cccir.c 
sequences for one cf me :vo chains of the Fab pernor, c: ir. 

10 antibody with co-expression of -he other from e piasmc. 

The two chains were demonstrated as being expressed as a 
functional Fab fragment on the surface of the phaae < Kane 
A.S. et al . , (1991) Proc. Natl. Acad. Sci , USA ~ 88 p4363- 
4366 ) . No disclosure was made of the site of insertion into 

15 gene VIII and the assay for pAb binding activity by ELISA 
used a reagent specific for antibody L chain rather than for 
phage. A further disclosure published in Marcn 1991 (after 
the earliest priority date for the present application) 
describes the insertion of a fragment of the AIDS virus 

20 protein gag into tne N-terminal portion of gene III of the 
bacteriophage fd. The expression of the gag protein 
fragment was detected by immunological methods, but it was 
not shown whether or not the protein was expressed in a 
functional form ( Tsunetsuau-Yokota Y et al. (1991) Gene 99 

25 p261-265). * 

The problem of how to use bacteriophages in this way is 
in fact a difficult one. The protein must be inserted into 
the phage in sucn a way that the integrity of the phage coat 
is not undermined, and the protein itself should be 

30 functional retaining its biological activity with respect to 
antigen binding. Thus, where the protein of choice is an 
antibody, it should fold efficiently and correctly and be 
presented for antigen binding. Solving the problem for 
antibody molecules and fragments would also provide a 

35 general method for any biomolecule which is a member of a 
specific binding pair e.g. receptor molecules and enzymes. 

Surprisingly, the applicants have been able to 
construct a bacteriophage that expresses and displays at its 
surface a large biologically functional binding molecule (eg 

40 antibody fragments, and enzymes and receptors) and which 
remains intact and infectious. The applicants have called 
the structure which comprises a virus particle and a binding 
molecule displayed at the viral surface a 'package 1 . Where 
the binding molecule is an antibody , an antibody derivative 

45 or fragment. or a domain that: is homologous to an 
immunoglobulin domain, the applicants call the package a 
'phage antibody* ( pAb ) . However, except where the context 
demands otherwise, where the term phage antibody "is used 
generally, it should also be interpreted as referring to any 

50 package comprising a virus particle and a biologically 
functional binding molecule displayed at the viral surface. 

pAbs have a range of applications in selecting antibody 
genes encoding antigen binding activities. For example. 
55 pAbs could be used for the cloning and rescue of hybridomas 
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i Crianci . . ex ai i 1989 ) ?NAS 56 p3S32-3S27), cr.c ir. -he 
screer.mc c: large csmoinatcriai iitraries i sucr. as found ir. 
Huse, wTd. ex "ai. . 1989. Science 246 . 1275-1251 }. Ir. 
particular. rounds cf selecticr. using pAbs ^ay r.elp :r. 
5 rescuing ihe r.icner affinity antibodies from me latter 
iitrrarzes. It may be preferable to screen small libraries 
derived from antigen-selected ceils (Casaii. ?.. et ai. . 
(1986) Science 234 D476-479 ) to rescue tne original VK/VL 
pairs comprising the Fv region cf an antibody. The use cf 

10 pAbs may also allow the construction cf entirely synthetic 
antibodies. Furthermore, antibodies may be made which have 
some synthetic sequences e.g. CDRs, and some naturally 
derived sequences. For example, V-gene repertoires could be 
made in vitro by combining un- rearranged V genes, with D and 

15 j segments. Libraries of pAbs could then be selected by 
binding to antigen, hypermutated in vitro in the antigen- 
binding loops or V domain framework regions, and subjected 
to further rounds of selection and mutagenesis. 

As previously discussed, separate H and L chain 

20 libraries lose the original pairing between the chains. It 
is difficult to make and screen a large enough library for a 
particularly advantageous combination of H and L chains. 

For example, in a mouse there are approximately 10 
possible H chains and 10 7 possible L chains. Therefore,. 

25 there are 10 14 possible combinations of H and L chains, and 
to test for anything like this number of combinations one 
would have to create and screen a library of about 10 14 
clones. This has not previously been a practical 
possibility - 

30 The present invention provides a number of approaches 

which ameliorate this problem. 

In a first approach, (a random combinatorial approach, 
see examples 20 and 21 ) as large a library as is practicallv 
possible is created which expresses as many of the 10 

35 potential combinations as possible. However, by virtue of 

the expression of the H and L chains on the surface of the _ 
phage, it is reasonably practicable to select the desired 
combination, from all the generated combinations by affinity 
techniques (see later for description of selection formats ) . 

40 In a second * approach (called a dual combinatorial 

approach by the present applicants, see example 26), a large 
library is created from two smaller libraries for selection 
of the desired combination. This ameliorates the problems 
still further. The approach involves the creation of: (i) a 

45 first library of say 10 7 e.g. H chains which are_ displayed 
on a bacteriophage (as a fusion with the protein encoded by 
gene III) which is resistant to e.g. tetracycline; and (ii) 
a second library of say 10 7 e.g. L chains in which the 
coding sequences for these light chains are within a plasmid 

50 vector containing an origin of replication for a 
bacteriophage (a phagemid ) which is resistant to e.g. 
ampicillin ("i.e. a different antibiotic) and are expressed 
in the periplasmic space of a host bacterium. The first 
library is then used to infect the bacteria containing the 

55 second library to provide 10 14 combinations of H and L 
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bacterici supernatant. 

The cdvanzage _o: this apprcacr. is t.-at ~-c separa:-; 
libraries c: eg 10 ' are creaiec in order *c produce 1 C * ^ 
5 combinations. Creatine a 10 ' library is 3 practical 
possibility.^ 

The 10-"* combinations are then subjected :c selection 
( see later for description of selection fcrr.ats ) as 
disclosed by the present application. This selection will 

10 then produce a population of phages displaying a particular 
combination of K and L chains having the desired 
specificity- The phages selected however , will only contain 
DNA encoding one partner of the paired K and L cnains 
( deriving from either the phage or phagemid ) . The sample 

15 eluate containing the population is then divided into two 
portions. A first portion is grown on e.g. tetracycline 
plates to select those bacteriophage containing DNA encoding 
K chains which are involved in the desired antigen binding. 
A second portion is grown on e.g. ampicillin plates to 

20 select those bacteriophage containing phagemid DNA encoding 
L chains which are involved in the desired antigen binding. 
A set of colonies from individually isolated clones e.g.. 
from the tetracycline plates are then used to infect 
specific colonies e.g. from the ampicillin plates. This 

25 results in bacteriophage expressing specific combinations of 
H and L chains which can then be assayed for antigen, 
binding. 

In a third approach (called a hierarchical dual 
combinational approach by the present applicants ), an 

30 individual colony from either the H or L chain clone 
selected by growth on the antibiotic plates, is used to 
infect a complete library of clones encoding the other chain 
(H or L). Selection is as described above. This favours 
isolation of the most favourable combination. 

35 In a fourth approach (called a hierarchrical approach 

by the present applicants, see examples 22 and 46) both 
chains are cloned into the same vector* However, one of the 
chains which is already known to have desirable properties - 
is kept fixed. A library of the complementary chain is . 

40 inserted into the same vector. Suitable partners for the 
fixed chain are selected following display on the surface of 
bacteriophage. 

In a fifth approach (see example 48), to improve the 
chances of recovering original pairs, the complexity of the 

45 combinatorial libraries can be reduced by using small B 
populations of 3- lymphocytes selected for binding to a 
desired antigen. The cells provide e.g. mRNA or - DNA, for 
preparing libraries of antibody genes for display on phage. 
This technique can be used in combination with the above 

50 mentioned four approaches for selection of antibody 
specificities. 

Phagemids have been mentioned above. The applicants 
have realised and demonstrated that in many cases phagemids 
will be preferred to phage for cloning antibodies because it 
55 is easier to use them to generate more comprehensive 
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iib~a-ies cf the irrjnur.e repertoire. This _s because jr.c- 
chaaemic DMA is approximately 100 r_ir.es acre err ic.er.t .r.ar. 
bscrericohaae DNA rn rrar.s forcing bacteria see exairpi- 

io) Ai"so " rhe use cf chaaeir._cs gives rhe ab_l_ry rc v £ ry 
the" number of cene III binding moecule fus.cr. prcre.ns 
cisplavec on rhe surface cf t.le- bacteriophage (see example 
•7)* Yor examrie. _n a sysre:?. comprising a bacteria: ce:. 
conrainina a phagemid encoding a gene III fusion protein and 
i-ife'-red with a heioer phage, inducrion of expression c: rhe 
i0 aene" I II fusion ororein to different extents, will determine 
the number of gene III fusion proteins present in the space 
defined between the inner and outer bacterial membranes 
following suoerinf ection . This will determine the ratio of 
aene III fusion protein to native gene III protein displayed 
15 bv the assembled ohage. 

Expressing a single fusion protein per virion may aid 
selection of antibody soecif icities on rhe.. basis of affinity 
bv avoiding the 'avidity' effect where a phage expressing 
two coDies of a low affinity antibody would have the same 
apparent affinitv as a phage expressing one copy of a higher 
affinity antibody. In some cases however, it will be 
important to display all the gene III molecules derived by 
superinfection of cells containing phagemids to have fusions 
(e.g. for selecting low affinity binding molecules or 
improving sensitivity on ELISA). One way to do this is to 
superinfect with a bacteriophage which contains a defective 
aene III- The applicants have therefore, developed and used 
a phage which is deleted in gene III. This is completely 

novel - . . . 

30 The demonstration that a functional antigen-binaing 

domain can be displayed on the surface of phage, has 
implications beyond the construction of novel antibodies. 
For example, if" other protein domains can be displayed at 
the surface of a ohaae. phage vectors could be used to clone 
35 and select oenes bv the binding properties of the cisplayed 
protein. "Furthermore. variants of proteins. including 
epitope libraries built into the surface of the protein, 
could be made and readily selected for binding activities. 
In effect, other protein architectures might serve as 
40 "nouvelle" antibodies. - - . 

\ The technique provides the possibility of building 

1 antibodies from first principles, taking advantage of the 

structural framework on which the antigen binding loops 
fold. In general, these loops have a limited number of 
45 conformations which generate a variety of binaing. sites by 
alternative looo combinations and by diverse side chains. 
Recent successes in modelling antigen binding sites augurs 
well for de novo desion. In ary case, a high resolution 
structure "of "the" antioen is needed. However, the approach 
-0 is attractive for making e.g. catalytic antibodies, 
particularly for small substrates. Here side cnams or 
binding sites for orosthetic groups might be introduced, not 
onlv to bind selectively to the transition state or the 
substrate, out also to oarticipate directly in bond making 
« and breaking. The onlv Question is whether the antibody 
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arcr.it=cture. speciciisec ::r cir.cir.g, is ^ ... 

ccir - f cr building cataiysis. Genuine er.r^e =r:"::ecrures . 
sucr. as the tricse pnespnare :sc-ersse I carre.. ...:;r.: 

rncre suiiabie. Like an'icccies . TIM er.rpes a.sc r.ave a 
framewcrK s:ructure fa barrel c: p-strands and c-neiice3 : 
and loops *c bine subs-rate. Many enzymes with a c:vers::y 
c f cataivtic crcperties are based on this architecture end 
the loops might be manipulated independently cn the 
frameworks for design cf new catalytic and binding 

10 Properties. The phage" selection system as provided by the 
present disclosure can be used to select for antigen binding 
activities and the CDR loops thus selected, used on either 
an antibody framework cr a TIM barrel framework. Loops 
placed cn a e.g. a TIM barrel framework could be further 

15 modified by mutagenesis and subjected to further selection. 
Thus, there is no need to select for high affinity binding, 
activities in a single step. The strategy of the immune 
system, in which low affinity evolves to high affinity seems 
more realistic and can be mimicked using this invention. 

20 One class of molecules that could be useful in this 

type of application are receptors. For example, a specific 
receptor could be displayed on the surface of the phage^-€uch 
that" it would bind its ligand. The receptor could then be 
modified by, for example, in vitro mutagenesis and variants 

25 having higher binding affinity for the ligand selected. The 
selection" may be carried out according to one or more of the 
formats described below with reference to figure 2 (which 
refers particularly to pAbs ) in which the pAb antibody is 
replaced with a phage receptor and the antigen with a ligand 

30 1. 

Alternatively, the phage- receptor could be used as the 
basis of a rapid screening system for the binding of 
ligands, altered ligands, or potential drug candidates. The 
advantages of this system namely of simple cloning, 
25 convenient expression, standard reagents and easy handling 
makes the drug screening application particularly 
attractive. In the context of this discussion, receptor 
means a molecule that binds a specific, or group of 
specific, ligand(s). The natural receptor could be 
40 expressed on the surface of a population of cells, or it 
couJ d b~ the extracellular domain of such a molecule 
(whether such a form exists naturally or not), or a soluble 
molecule performing a natural binding function in the 
plasma, or within a cell or organ. 
45 Another possibility, is the display of an enzyme 

molecule or active site of an enzyme molecule on the surrace 
of a phage (see examples 11,12,30.31,32 and 36)., - Once the 
phage enzyme is expressed, it can be selected by affinity 
chromatography, for instance on columns derivatized with 
50 transition state analogues. If an enzyme with « different 
or modified specificity is desired, it may be possible to 
mutate an enzyme displayed as a fusion on bacteriophage and 
then select on a column derivatised with an analogue 
selected to have a higher affinity for an enzyme with the 
55 desired modified specificity. 
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Alrhoucn tr.roucnout tr.^s application, "ne c;?::wc".s 
-iscu^s rne" possibilirv cf screening for r.icner ^rr-r.-.y 
variams cf oAbs , rney recognise that i r. jeme 
sooiicaiions, :or examole low affinity chrcnaioc. acny 
rbhlson. S. et ei Anal. Eiccnem. 169, p204-206 ( 19SS ) 3 . 
t may be desirable re isolate lower affir.iry variants. 

Examples 21 and 23 snow that "he present invention 
provides* a way cf producing antibodies with low 
a^" nities (as seen in the primary immune response cr in 
-0 unimmunised animals). This is made possible by 
displaving multicle copies of the antibooy on the phage 
surface in association with gene III protein. Thus, pAbs 
allow genes for these antibodies to be isolated and if 
necessanr, mutated to provide improved antibodies. 
1=; pAbs also allow the selection of antibodies for 

^moroved stability. It has been noted for many 
antibodies, that yield and stability are improved wnen 
the antibodies are exDressed at 30 # C rather than 37 m C. 
If pAbs are disoiaved at 37 *C, only those which are 
20 stable will be available for affinity selection. When 
antibodies are to be used in vivo for therapeutic or 
diaanostic purposes, increased stability would extend the 
half-life of antibodies in circulation. 

Although stability is important for all antibodies 
25 and antibody domains selected using phage, it is 
particularly important for the selection of Fv fragments 
which are formed by the non-covalent association of VH 
and VL fraaments/ Fv fragments have a tendency to 
dissociate " and have a much reduced half-life in 
30 circulation comoared to whole antibodies, Fv fragments 
are displayed on the surface of phage, by the . association 
of one chain expressed as a gene III protein fusion with 
the comnlementary cnaxn expressed as a soluble fragment. 
If pairs of chains have a high tendency to dissociate, 
25 they will be much less likely to be selected as pAbs. 
Therefore, the copulation will be enriched for pairs 
which do associate stably. Although dissociation is less 
of a problem with Fab fragments, selection would also 
occur for Fab fragments which associate stably. pAbs 
40 allow selection for stability to protease attack, only 
those pAbs that are not cleaved by proteases will be 
capable of binding their ligand and therefore populations 
of phage will be enriched for those displaying stable 
antibody domains. , - 

45 The techniaue of displaying binding molecules on the 

ohage surface can also be used as a primary cloning 
svstem. For example, a cDNA library can be consiructea 
and inserted into the bacteriophage and this phage 
library screened for the ability to bind a ligand. The 
• 50 ligand/bindina molecule comoination could include any 
pair cf molecules with an anility to specifically bina to 
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aneiccue;, r.ucieic acic binding prc:ei":nuc-£ic a::c etc . 
If cne meir.oer cf the cc~piemenra— * pair is cvailarli, 
tr.is may be a preferred way cf isolating a cicr.e :cr rr.o 
5 c"?.er member cf the pair. 

It W2.I1 cfren be necessar/ tc increase the c;ver::tv 
cf a populc'icr. cf genes cloned fcr the display cf :r»:r 
proteins cr. pnage cr to mutate an individual nucleotide 
sequence. Although i_n vitro cr in vivo mutagenesis 
10 techniques could be used for either purpose, a 
particularly suitable metnoc would be to use mutator 
strains- A mutator strain, is a strain which contains a 
genetic defect which causes DNA replicated within it to 
be mutated with respect to its parent DNA. Hence if a 
15 population cf genes as gene III fusions is introduced 

into these strains it will be further, diversified and can 

then be transferred to a non-mutator strain, if desired, 
for display and selection. Example 38 covers the use of 
mutator strains with phage antibodies (an example of in 
20 vitro mutagenesis and selection of phage antibodies is 
given in example 45). 
Targeted oene transfer 

A useful and novel set of applications makes use of 
the binding protein on the phage to target the phage 
25 genome to a particular cell or group of cells. For 
example, a pAb specific for a cell surface molecule could 
be used to bind to the target cell via the surface 
molecule. The phage could then be internalised, either 
through the action of the receptor itself or as "phe 
30 result of another event (e.g. an electrical discharge 
such as in the technique of electroporation ) . The phage 
genome would then be expressed if the relevant control 
signals ( for transcription and translation and possibly 
replication) were present. This would be particularly 
2 5 useful if the phage genome contained a sequence whose 
expression was desired in the target cell (along with the 
appropriate expression control sequences). A useful 
sequence might confer antibiotic resistance to the 
recipient cell or label the cell by the expression of its 
product (e.g. if the sequence expressed a detectable gene 
product such as a- luciferase, see White, M. et al. 
Techniques 2(4), pl94-201 (199C)) # or confer a paxticular 
property on the target cell (e.g. if the target cell was 
a tumour cell and the new sequence directed the 
45 expression of a tumour suppressing gene), or express an 
antisense construct designed to turn off a gene or set of 
genes in the target cell, or a gene or gene product 
designed to be toxic to the target cell. 

Alternatively, the sequence whose expression is 
50 desired in the target cell can be encoded on "a phagemid. 
The phagemid DNA may then be incorporated into a phage 
displaying an antibody sDecific for a cell surface 



40 



wo 92/01047 pcr/cno./ouv. 



recectcr . For exarr^ie . ir.ccrporaiicr. -ay z y 

superinfection of bacteria ccr.-2ir.mc trie pnacer.ic. witr. 
a neiper chaae whose genome encodes me antibocy rracnent 
specific "fcr" the target cell. The package is :ner. usee 
r - c direct the pnagemic to tne target cell. 

^ W ■ This technique of "targeted gene transfer" has a 
r.umoer of uses "in researcn and also in therapy and 
diacnostics. For example, gene therapy often ai-s tc 
target tne replacement gene to a specific cell type that 
10 is* deficient In its activity. Targetting pAbs provide a 
means of achieving this. 

In diagnostics, phage specific for particular 
bacteria or croups of bacteria have been used to target 
marxer aenes" e.g. lucif erase, to the bacterial host 
15 ( sec, for example, Ulitzer, S. , and Kuhn. 3. . E?A 
85303913.9 ). If the host range of the phage is 
appropriate, only those bacteria that are being tested 
for. will be infected by the phage, express the 
lucif erase gene and be detected by the light they emit, 
20 This systenT has been used to detect the presence of 
Salmonella. One major problem with this approach is the 
initial isolation of a bacteriophage with the correct 
host range and then the cloning of a luciferase gene 
cassette into that phage, such that it is functional. 
25 The pAb system allows the luciferase cassette to be 
cloned into a well characterised system (filamentous 
phage) and allows simple selection of an appropriate host 
range, by modifying the antibody (or other binding 
molecule) specificity that the pAb encodes. 
30 The present applicants have also been able to 

develop novel selection systems and assay formats which 
depend* on the unique properties of these replicable 
genetic display packages e.g. pAbs. 

terminology " 

2= Mucn of the terminology discussed in this section 

has been mentioned in the text where appropriate. 
Specific Binding Pair 

This describes a pair of molecules (each being a 
member of a specific binding pair) which are naturally 

40 derived or synthetically produced. One of the pair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to, and is therefore defined as 
complementary with a particular spatial and polar 
organisation of the other molecule, so that the pair have 

4 5 the prooerty of binding specifically to each other. 
Examples" of types of specific binding pairs are antigen- 
antibody, biotin-avidin, hormone-hormone receptor, 
receptor- ligand, enzyme- substrate-, IgG-protein A. 
Multimeric Member 

50 This describes a first polypeptide which will 

associate with at least a second polypeptide, when the 
polypeptides are expressed in free form and/or on the 
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surface cf a sucsrrz:e. The sucstra:s may re prcv-cec ry 
a bacteriophage . Where :ners are ;vc csscciste: 
polypeptides, "he asscciaiec polypeptide complex -r ^ 
diner, wnere there are :r.ree. a "imer sic. Tr.e cir.e: . 
3 trirr.er. multimer ere cr the niultimeric merger ~3y 
comprise a memoer cf a specific cir.cinc pair. 

Example r.ultimeric memoer s are hes\7 domains cased 
on an immunoglobulin mciecuie . light domains based cr, an 
i.TuT.unociobuiin molecule, T-celi receptor suour.its. 

10 Reolicable Genetic Disolav Package ( Rgdp ) 

This describes a bioiogicai particle vhicr. has 
genetic information providing the particle with the 
ability to replicate. The particle can display on its 
surface at least part of a polypeptide. The polypeptide 

15 can be encoded by genetic information native to tne 
particle and/or artificially placed into the particle or 
an ancestor of ir. The displayed polypeptide may be any 
member of a specific binding pair eg. heavy or light 
chain domains based on an immunoglobulin molecule, an 

20 enzyme or a receptor etc . 

The particle may be a virus eg. a bacteriophage such 
as fd or M13- 
Packace 

This describes a replicable genetic display package 
25 in which the particle is displaying a member of a 
specific binding pair at its surface* The package may be 
a bacteriophage which displays an antigen binding domain 
at its surface. This type of package has been called a 
phage antibody ( pAb ) . 
30 Antibody 

This describes an immunoglobulin whether natural or 
partly or wholly synthetically produced. The term also 
covers any protein having a binding domain which is 
homologous to an immunoglobulin binding domain. These 

2 5 proteins can be derived from natural sources , or partly 
or wholly synthetically produced. 

Example antibodies are the immunoglobulin isotypes 
and the Fab # F<abM2< scFv, Fv, dAb. Fd fragments. 
Immunoglobulin Super f ami 1 v 

40 This describes a family of polypeptides, the members 

of which have at * le^st one domain with a structure 
related to Lhot of the variable or constant domain of 
immunoglobulin molecules . The domain contains two p- 
sheets and usually a conserved disulphide bond (see A.F. 

45 Williams and A.N. Barclav 1988 Ann. Rev Immunol. 6 
381-405). 

Example members of an immunoglobulin super family are 
CD4. platelet derived growth factor receptor (PDGFR), 
intercellular adhesion molecule. ( ICAM) . Except where 
50 the context otherwise dictates. reference to 
immunoglobulins and immunoglobulin homologs in this 
application includes members of the immunoglobulin 
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superranily and hcmoiocs thereof. 
Horr.oic cs 

— ' This term incicctes polypeptides having tne sane cr 

conserved residues at a ccrrespcndinc position :n their 
= cri-ar;, seconder/ cr tertiary* structure. The te— aisr 
extends to two or more nucleotide sequences er.cccm; .ne 
hcrnoiocous ooiypeptides . 

Example homologous peptides are the immunocioounr. 

isotypes. 

10 F unctional 

~ In relation to a sbp member displayed on the surrace 

of a Vgdp, means that the sbp member is presented in a 
folded form in which its specific binding domain for its 
complementary sbp member is the same or closely analogous 

1S ro its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 
In this respect, it differs from the peptides of Smith et 
al, supra, which do not have a definite folded 
confiauration and can assume a variety of configurations 

20 determined by the complementary members with which they 
may be contacted. 
Genetically diverse oooulation 

fn connection with sbp members or polypeptide 
comoonents thereof, this . is referring not only to 

25 diversity that can exist in the natural population of 
cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo . 

Mutation in vitro may for example, .. involve random 
mutagenesis using oligonucleotides having random 

30 mutations of the sequence desired to be varied- In vivo 
mutagenesis may for example, use mutator strains of host 
microorganisms to harbour the DNA (see Example 38 below). 

Domain _ 

A domain is a part of a protein that is rolded 
35 within itself and independently of other parts of /^ he 
same protein and independently of a complementary binding 
member . 
Folded Unit 

This is a specific combination of an a-helix and/or 
40 p-strand and/or p-tum structure. Domains and folded 
units contain structures that bring together amino acids 
that " are not adjacent in the primary structure. 
Free Form 

This describes the state of a polypeptide which is 
45 not displayed by a replicable genetic display package. 
Conditionally Defective 

This describes a gene which does not express a 
particular polypeptide under one set of conditions, but 
expresses it under another set of conditions. An 
50 example, is a gene containing an amber mutation expressed 
in non-suppressing or suppressing hosts respectively. 

Alternatively, a gene may express a protein which is 
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ceiec'ive uncer cne se* c: zcr.nticr.s . rut r.rt: 
crxzher set. An example -s a gene w2.tr. ^ :e"?era:urc 
sensitive nutation . 

Suopressible Transnational Stco Cccon 
5 This oescriDes a coccn wnicr. allows tne translaticn 

of nucleotide sequences downstream of the ccccn ur.^er cne 
set cf conditions , but under another set of ccnditicns 
translation ends at the codon. Example cf suppressive 
rranslational step ccdons are the amber, ochre and cpal 

10 codons. 

Mutator Strain 

This is a host ceil which has a genetic defect which 
causes DNA replicated within it to be mutated with 
respect to its parent DNA. Example mutator strains are 

15 NR9046mutD5 and NR9046 mut Tl (see Example 38). 
Helper Phaoe 

This is a phage which is used to infect cells 
containing a defective phage genome and which functions 
to complement the defect. The defective phage genome can 
20 be a phagemid or a phage with some function encoding gene 
sequences removed. Examples of helper * phages are M13K07, 
M13K07 gene III no. 3; and phage displaying or encoding 
a binding molecule fused to a capsid protein. 
Vector 

25 This is a DNA molecule, capable of replication in a 

host organism, into which a gene is inserted to construct 
a recombinant DNA molecule - 
Phage Vector 

This is a vector derived by modification of a phage 
30 genome, containing an origin of replication fb'r a 
bacteriophage, but not one for a- plasmid. 
Phaaemid Vector 

This is a vector derived by modification of a 
plasmid genome, containing an origin of replication for a 
35 bacteriophage as well as the plasmid origin of 
replication . 
Secreted 

This describes a rgdp or molecule that associates 
with the member of a sbp displayed on the rgdp, in which 

40 the sbp member and/or the molecule, have been folded and 
the package assembled externally to the cellular cytosol. 
Kepertoire of Rearranged Immunoglobulin Genes 

A collection of naturally occurring nucleotides eg 
DNA sequences which encoded expressed immunoglobulin 

45 genes in an animal. The sequences are generated by the 
in vivo rearrangement of eg V, D and J segments for H 
chains and eg the V and J segments for L chains. 
Alternatively the sequences may be generated from* a cell 
line immunised in vitro and in which the rearrangement in 

50 response to immunisation occurs intracellularly . 
Library 

A collection of nucleotide eg DNA, sequences within 
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clones. 

Repertc:re cf Arzificiallv Rearranged u"cc:csu>;r 
Genes 

A collection of nucleotide eg DNA. sequences cerivec 
5 whollv cr partly from a source other than the rearranged 
immunoglobulin sequences from an animal. This may 
include for example, DNA sequences encoding VH domains by 
combining unrearranged V segments with D and J segments 
and DNA sequences encoding VL domains by combining V and 

10 J seaments. 

"pert or all of the DNA sequences may be derived by 
oligonucleotide synthesis . 
Secretory Leader Peptide 

This is a sequence of amino acids joined to the N- 
15 terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 
Eluant 

This is a solution used to breakdown the linkage 
between two molecules. The linkage can be a non-covalent 
20 or covalent bond(s). The two molecules can be members of 
a sbp. 
Derivative 

This is a substance which derived from a polypeptide 
which is encoded by the DNA within a selected rgdp. The 

25 derivative polypeptide may differ from the encoded 
polypeptide by the addition, deletion, substitution or 
insertion of amino acids, or by the linkage of other 
molecules to the encoded polypetide. These changes ' may 
be made at the nucleotide or protein level- For example 

30 the encoded polypeptide may be a Fab fragment which is 
then linked to an Fc tail from another source. 
Alternatively markers such as enzymes, flouresceins etc 
may be linked to eg Fab, scFv fragments. 

The present invention provides a method for 

25 producing a replicable genetic display package or 
population such radps of which method comprises the steps 
of: 

a ) inserting a nucleotide sequence encoding a member of 
a specific binding pair eg. a binding molecule 

40 wiv'tun a viral genome; 

b) culturing the virus containing said nucleotide 
sequence, so that said binding molecule is expressed 
and displayed by the virus at its surface. 

The present invention also provides a method for 
45 selecting a rgdp specific for a particular epitope which 
comprises producing a population of such rgdps as 
described above and the additional step of selecting for 
said binding molecule by contacting the population with 
said epitope so that individual rgdps with the desired 
50 specificity may bind to said epitope. The method may 
comprise one or more of the additional steps of: (i) 
separating any bound rgdps from the epitope; ( ii ) 
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recover::.: any secerciec rrcps ar.c ■ ----- 

inserted nucleotide sequences frcrr. any separatee rccps ir. 
a reconbinam system ;o produce me rir.cir.; r.Ciecu.c* 
separate from virus. The selection step -ay :scicte tr.r 
5 nucleotide sequence encoding the binding ^ ccierui- c: 
desired soecificitv, by virtue of said binding rr.c .ezu.v 
beinc expressed in association with the surface c: tr.e 
virus in which said encoding nucleic acid is contained. 

The present invention also provides a metr.ee c: 
10 producing a muitimeric member of a specific binding pair 
( sbp ) , which method comprises: 

expressing in a recombinant host organism a rirst 
Dolypeptide chain of said sbp member or a genetically 
diverse population of said sbp member fused tc a 

15 component of a secreted replicable genetic display 
package (rgdp) which thereby displays said polypeptide „ at 
the surface of the package, and expressing in a 
recombinant host organism a second polypeptide chain of 
said mul timer" and " causing or allowing the polypeptide 

20 chains come together to form said multimer as part of 
said rgdp at least one of said polypeptide chains being 
expressed from nucleic acid that is capable of being 
packaged using said component therefor, whereby the 
genetic material of each said rgdp encodes a said 

25 polypeptide chain. 

Both said chains may be expressed in the same host 
organism. 

The first and second chains of said multimer may be 
expressed as separate chains from a single vector 
30 containing their respective nucleic acid. 

At least one of said polypeptide chains may be 
expressed from a phage vector. 

At least one of said polypeptide chains may be 
expressed from a phagemid vector, the method including 
35 using a helper phage, or a plasmid expressing 
complementing phage genes , to help package said phagemid 
genome, and said component of the rgdp is a capsid 
protein therefor. The capsid protein may be absent, 
defective or conditionally defective in the helper phage. 
40 The method may comprise introducing a vector capable 

of expressing said, first polypeptide chain, into a host 
organism which expresses said second polypeptide chain in 
free form, or introducing a vector capable of expressing 
said second polypeptide in free form into a host organism 
4 5 which expresses said first polypeptide chain. 

Each of the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
using said component fusion product, whereby encoding 
nucleic acid for both said polypeptide chains are 
50 packaged in respective rgdps. 

The nucleic acid encoding at least one of said^ first 
and second polypeptide chains may be obtained from a 
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* ^ ^ ^* 2. v or r.ucl£ic cC— .c _n*_— . — — — . *wv» — . e — . c — »— 

'^k'Jt cnam cr e pcpuis-icr. c: var-snrs c: saic 
iczr. rhe firs- snc seccnc poiypep-ice _ _ -^y 

cstained from respective scic --- r - r - es cz •-' " . 

= The crese" :r.ven::cr. cisc crevices a n-.e ,r.c= 

— cd~z:-~c £ memoer cr <=• spec w « ~ * ~" • - 

r nucleic acid library including nucleic a::c encccinc 
said scd memoer cr a genetically civerse pcpuiati" 
said type of sdd memoers . which method comprises: 
1Q expressinc" in recombinant host cells polypeptices 

encoded by said library nucleic acid fusee to a 
comoonent of a secreted repiicable genetic display 
packaoe ( rgdp ) or in free form for association with 
a polypeptide component of said sbp member wnicn is 
expressed as a fusion to said rgdp component so that 
the* rgdp disolavs said sbp member in functional fcrm 
at the surface of the package, said library nucleic 
acid beina contained within the host cells in a form 
that is capable of being packaged using said rgdp 
?0 comoonent, whereoy the genetic material of an -9 d P 

displaying an sbp member contains nucleic acid 
encoding said sbp member or a polypeptide component, 
thereof . 

The nucleotide seauences for the libraries may be 
"5 derived from eg animal spleen cells or peripheral blood 
* lymphoevtes- Alternatively the nucleotide sequence may 
be derived by the in vitro mutagenesis of an existing 
antibody coding sequence . m ' 

The present invention also provides a methoa ot 
30 producing a member of a specific binding pair (sbp), 
which method comprises : . 

expressing in recombinant host cells nucleic acid 
encoding said sop member or a genetically diverse 
population of said type of sbp member wherein the or 
25 each said sdd memoer or a polypeptide component 

thereof is expressed as a fusion with a component of 
a secreted reciicable genetic display package (rgdp) 
which displavs said sbp memoer at the surface of the 
package, nucleic acid encoding said sbp member or a 
40 polypeptide comoonei.t thereof being contained within 

the host cell in a form that is capable of being 
packaged usina said rgdp component whereoy the 
genetic material of the rgdp displaying said sop 
member encodes said sbp member or a polypeptide 
45 component thereof, said host organism Demg a 

mutator strain which introduces genetic civersity 
into the sop member to produce saic mixed 
pooulation. 

The oresent invention also provides a metnoa or 
50 producing "a memoer of a specific binding pair ( sbp ) , 
which method comorises: . . 

exoressmo in recombinant host cells nucleic acia 
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E.nccc>Lr.z Scic sop rr.e~oer cr 5 ceneticaiiy diverse 
pocuiciicr. cf said Type c: sop memoer v.iereir. t?.e cr 
eacr. said sop memoer cr a pciypepr.ee cc'ccp.er.T 
Thereof Is expressed as a fusion witr. a ce-cer.enr cf 
5 a secreted repiicacie generic display pacxace ; redo : 

-r.icr. displays said sop memoer in funcricnai :crr. at 
. me surface of The package, nucleic acid encoding 
said sop member cr a polypeptide component rnereof 
being conramed within the host ceil In a fcrrr. tnat 
Is capable cf being packaged using said reap 
component whereby the generic material of the racp 
displaying an sbp member encodes said sbp member "or 
a polypeptide componenr Thereof, said fusions beina 
with bacteriophage capsid protein and the rgdps 

— being formed with said fusions in rhe absence" of 

said capsid expressed in wild- type form. 
The present invention also provides a method of 
producing a member of a specific binding pair (sbp; which 
method comprises : 

20 expressing in recombinant host cells nucleic acid 

encoding said sbp member or a genetically diverse 
population of said type of "sbp member or a 
polypeptide component thereof fused to a component 
of a secreted replicable genetic display package 

25 (rgdp) which displays said sbp member in functional 

form at the surface of the package, nucleic acid 
encoding said sbp member or a polypeptide component 
thereof being contained within rhe host cell in a 
form that is capable of being packaged using said 

20 *gcp component whereby the genetic material of the 

rgdp displaying an sbp member or a polypeptide 
component thereof encodes said sbp member or a 
polypeptide component thereof, said' sbp member or 
polypeptide component thereof being expressed from a 

25 phagemid as a capsid fusion, and a helper phage, or 

a plasmid expressing complementing phage genes, is 
used along with said capsid fusions to package rhe 
phagemid nucleic acid. 

The library or genetically diverse pooulation mav be 
40 obtained from: 

(i) the repertoire of rearranged immunoglobulin 
genes or an animal immunised wirh complementary 
sbp member , 

" he repertoire of rearranged immunoglobulin 
** 5 genes of an animal not immunised with 

complementary sbp member . 
<iii) a repertoire of artificially rearranged 

immunoglobulin gene or genes 
< iv ) a repertoire of immunoglobulin homoiog oene or 
-0 genes; or 

iv) a mixture of any of (i), < ii ) , ( iii ) and (iv). 

The capsid protein may be absent, defective or 
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conditicnaily defective ir. tne helper phage. 

The nest ceil may be a nutate: stra:r. w n i c r. 
introduces genetic civersir; into the scp merrier nucleic 

cClC. 

5 The sbp member may comprise a domain which is. ^r is 

hemoiocous to. an immunoglobulin domain. 

The rod? may be a bact er lopnage , the host 3 
bacterium, "and said component c: the rgdp a capsic 
protein for the bacterophage . The pnage may be a 

TO filamentous phaae. The phage may be selected from the 
class I phages "f d, M13 , f 1 , If 1, Ike, ZJ/Z, Ff and the 
class II phages Xf , Pfl and Pf 3 . The phage may be fd or* 
a derivative" of fd. The derivative may be tetracycline 
res istant. The said sbp member or polypeptide chain 

15 thereof may be expressed as a fusion with the gene III 
capsid protein cf phage fd or its counterpart in another 
filamentous phage. The sbp member or polypeptide chain 
thereof may be inserted in the N-terminal region of the 
mature capsid protein downstream of a secretory leader 

20 peptide. " The sequence may be inserted after amino acid 
+ 1 of the mature "protein. The site for insertion may be 
flanked by short sequences corresponding to sequences 
which occur at each end of the nucleic acid to be 
inserted. For example where 4 the protein domain is an 

25 immunoglobulin domain, the insertion site in the phage 
may be flanked by nucleotide sequences which code for the 
first five amino acids and the last five amino acids # of 
the la domain. Such flanking nucleotide sequences are 
shown "in figure 4(2) B and C, wherein the site-flanking 

30 nucleotide sequences encode amino acid sequences QVQLQ 
and VTVSS which occur at either end of the VH domain, or 
QVQLQ and LEIKR which occur at either end of the Fv 
(combined VH + VL) domain. Each of these sequences 
flanking the insertion site may include a suitable 

25 cleavage site, as snown in Fig 4. 

Alternatively, the flanking nucleotide sequences 
shown in figure 4( 2 )B and C as described above, may be 
used to flank the insertion site for any nucleic acid to 
be inserted, whether or not that nucleic acid codes an 
40 immunoglobulin. 

The host may be E.coli. 

Nucleic acid encoding an sbp member polypeptide may 
be linked downstream to a viral capsid protein through a 
suppressible translational stop codon. 

4 5 As previously mentioned, the present invention also 

provides novel selection systems and assay formats. In 
these systems and formats, the gene sequence encoding the 
binding molecule (eg. the antibody; of desired 
specificity is separated from a general population of 

50 rgdps having a range of specifies, by the fact of its 
bindino to a specific target (eg the antigen or epitope). 
Thus the rgdps" formed by said expression may be selected 
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seieciec r;ixec pcpuia-icr. c: sa:c sop r.ernrers asscci^tec 
m zneir respective rccps w::r. nucleic ecic er.cccir.c sa:c 
sop memoer cr £ polypeptide cneir. znerec: . The rccps r.ay 
be selected by aifiniry vitr. a memoer ccmpiemer.izry re 
said sop memoer. 

Any rccps bound ~ c said second memoer —ay :e 
recovered by wasninc with an eiuant. Trie wasr.ir.c 
conditions may be varied in order to obtain rccps w:tr. 

10 different, binding affinities for said epitope. 
Alternatively, to obtain eg high affinity rccps. tne 
complementary member { eg an epitope) may be presented tc 
the population of rgdps ( eg pAbs ) already bound tc a 
binding member in which case pAbs with a higher affinity 

15 for the epitope will displace the already bound binding 
^member. Thus the eiuant may contain a molecule which 
competes with said rgdp for binding to the complementary 
sbp member. The rgdp may be applied to said 
complementary sbp memoer in the presence of a moiecule 

AO which competes with said package for binding to said 
complementary sbp member. Nucleic acid derived from a 
selected or screened rgdp may be used to express said sbp 
member or a fragment or derivative thereof in a 
recombinant host organism. Nucleic acid from one or more 

A5 rgdps may be taken and used to provide encoding nucleic 
acid in a further said method to obtain an individual sbp 
member or a mixed population of sbp members, or encoding 
nucleic acid therefor. The expression end product may be 
modified to produce a derivative thereof. 

10 The expression end product or derivative thereof may 

be used to prepare a therapeutic or prophylactic 
medicament or a diagnestic product. 

The present invention also provides recombinant host 
cells harbouring a library of nucleic acid fragments 

'5 comprising fragments encoding a genetically diverse 
population of a type of member of a specific binding pair 
( sbp ) , each sbp member or a polypeptide component thereof 
being expressed as a fusion with a component of a 
secretable replicable genetic display package ( rgdp ) , so 

-10 that said sbp memoers are displayed on the surface of the 
rgdps in functional form and the genetic material of the 
rgdps encode the associated sbp member or a polypeptide 
component thereof . The type of sbp members may be 
immunoglobulins or immunoglobulin homologs, a first 

-15 polypeptide chain of which is expressed as a said fusion 
with a component of the rgdp and a second polypeptide 
chain of which is expressed in free form and associates 
with the fused first polypeptide chain in the rgdp. 

The present invention also provides a helper phage 

:*0 whose genome lacKS nucleic acid encoding one cf its 
caps id proteins , or wnose encoding nucleic acid therefor 
is conditionally defective, or which encodes said capsid 
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:rotein — ; ce:ec*:iv£ cr ccnciz.cnaiiy defective rcr.... 

The creser.i :r.ver.-icn also provides £ oarreria. ncsr. 
cell ccnt = i"ir.c £ filsmenrcus pnace genome ce:ec::ve^ rcr 
a VapsTd "croreir. thereof and wnerein me ncs: cell is 
= - = D acle cf excess::.: capsic arcieir. complementing saic 
^'-ecr sucrT *:.-5t infecticus phage particles car. be 
ocramec merer rem . The complementing capsic prcteir. may 
be expressed in said host from another vector ccr.tamec 
tnerein. The defective capsic protein may be gene III cr 
q pkage fd or its counterpart in another filamentous pnage. 

The present invention also provides recombinant 
E.coli TGl"M13K07 gill No. 3 (NCTC 12478). 

The ©resent invention also provides a phage antibody 
havmo the form of a replicable genetic display package 
3 displayma on its surf ace in functional form a memoer of 
specific binding pair or a specific binding domain 
thereof. 

In the above methods, the binding molecule may be an 
antibody. or a domain that is homologous to an 

2C immunoglobulin. The antibody and/or domain may be either 
naturally derived or synthetic or a combination of both. 
The domain may be a Fab, scFv r Fv dAb or Fd molecule. 
Altemativelv, the binding molecule may be an enzyme or 
receptor or "fragment, derivative or analogue of any such 

25 enzyme or receptor. Alternatively, the binding molecule 
may be a member of an immunoglobulin superfamily and 
which has a structural form based on an immunoglobulin 
molecule. 

The present invention also provides rgdps as defined 
20 * above and members of specific binding pairs eg. binding 
molecules such as antibodies, enzymes, receptors, 
fragments and derivatives thereof, obtainable by use of 
anv cf the above defined methods. The derivatives may 
comprise memoer s of the specific binding pairs fused to 
25 another molecule such ss an enzyme or a Fc tail. 

The invention also includes kits for carrying out 
the methods hereof. The kits will include the necessary 
vectors. One sucn vector will typically have an origin 
of replication for single stranded bacteriophage and 
40 either contain the ,sbp member nucleic acid or have a 
restriction site for its insertion in the 5 ' end region 
of the mature coding sequence of a phage capsid protein,^ 
and with a secretory leader coding sequence upstream of 
* said site which directs a fusion of the capsid protein 
45 exogenous oolvpeotide to the periplasmic space. 

The restriction sites in the vectors are preferably 
those of enzymes wnich cut only rarely in protein coding 
sequences. m . . 

The kit preferably includes a phagemid vector which 
50 mav have the " above characteristics, or may contain, ^or 
have a site for insertion, of sbp member nucleic acid for 
expression of the encoded polypeptide in free form. 
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required fcr carr/*nc our tne meir.cd # tne r.cture cr sucr. 
ccnpcnen-s depending cf course cr. tne particular metr.oc 
employed . 

E Useful ancillary components may comprise helper 

phage, ?CE primers, and buffers and enrymes cf various 
kinds . 

' PCR primers and associated reagenrs fcr use where 
rne sbp members are antibodies may have the following 
10 characteristics : 

( i ) primers having homology to the 5 ' end cf the sense 
or anti-sense strand of sequences encoding domains 
of antibodies; and 
( ii ) primers including tag sequences 5' to these 
15 homologous sequences which incorporate restriction 

sites to allow insertion into vectors; together with 
sequences to allow assembly of amplified VK and VL 
. regions to enable expression as Fv, scFv or Fab 
fragments - 

20 Buffers and enzymes are typically used to enable 

preparation of nucleotide sequences encoding Fv, scFv or 
Fab fragments derived from rearranged or unrearranged 
immunoglobulin genes according to the strategies 
described herein. 

25 The applicants have chosen the filamentous F- 

specific bacteriophages as an example of the type of 
phage which could provide a vehicle for the display of 
binding molecules e.g. antibodies and antibody fragments 
and derivatives thereof, on their surface and facilitate 

30 subsequent selection and manipulation. 

The F-specific phages (e.g. fl, fd and M13 ) have 
evolved a method of propagation which does not kill the 
host cell and they are used commonly as vehicles for 
recombinant DNA (Romberg, A . , DNA Replication, W.H. 

25 Freeman and Co., San Francisco, 1980). The single 
stranded DNA genome (approximately 6.4 Kh) of fd is 
extruded through the bacterial membrane where it 
sequesters capsid sub-units, to produce mature virions. 
These virions are 6 nm in diameter, 1pm in length and 

40 each contain approximately 2,800 molecules of the major 
coat protein encoded by viral gene VIII and four 
molecules of the adsorption molecule gene III protein 
(g3p) the latter is located at one end of the virion. 
The strucmre has been reviewed by Webster et al., 1978 

45 in The Single Stranded DNA Phages, 557-569, Cold Spring 
Harbor Laboratory Press. The gene III product is 
involved in the binding of the phage to the bacterial F- 
pilus. 

Although these phages do not kill their host during 
50 normal replication, disruption of some of their genes can 
lead to cell death (Kornberg, A., 1980 supra.) This 
places some restraint on their use. The applicants have 
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„ - — — /~ — ^ f-\ o /^r O *3 IS C»* — w»— w.w — 

recognised rnex gen« --^ -1,^; y f biologically ective 
possibility ^ - ns ^-:;° nowever. crner c«c:c«e 
foreign sequences ox™ie aene VIII and aene VI. 
Slie %; nC tSr -^Sl a minor cozener., 

phage cost =n- c__---w- viroloav 167: 156-165 

ceil death (S«itn G — to * inS e„— orre icre.gr. 
Fur-hernore . i- - £ J\ - -mr-'on) into various 

secuences (with no biCi ° g ^ '""a "°2s5 Science 22S: 
10 positions within this ^Smith G 1-85^ } 

?315-1317.. Parrnley, S.r. ana Smith G P G 

?; 3 ° 5 " 3 2l3- "SlS?^ ' Smith « al described the 
Chem. , 263 - 43ib ^_ OT . SUT - face of pnace bur 

display of peotiaes on the ™™ 00 mains. 

(Stanneld R.I. et ax. i ' defined tertiary 

Proteins in general have a function only when 

structure and ^™J^% 0 i°S^^ structure of 
aaopting this s. rue .u e d ^ free form and 

the antiboay Dl.-s has be en soi ( ig 9 0) Nature 

when bound to antigen ( ohat T •. N [. « et ax ^ prorei n is 

347. P483-485). ™*JJ^ B V^h only minoJ Variations 
identical in each instance witr i on _y proteins 

around the ^^^"•^^•^gSi-^ biding of 

have ™°^ n f U 5 n !^ n ; e 1 r ^ en^es hexokinase and pyruvate 
ligand, for instance ^ne : e _ y , ric cycle, but they 

dehydrogenase curing thei- "^J^f folding . This 
still retain their overall P^JJ™ ^o whole proteins, 
structural integrity is not confined to wn o P 
but is exhibited by protein domains. Th is ie 
concept of a *°" ed ""J^™ 1 ^ well P defined primary. 
35 Sectary ^^^^J^^ ^ Ending 
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partner or not. The onxy - ' encode a 

al.. described that was of ""^n^SX, ~ s * 335bp 
domain <a minium of ^? oi » .Tc^lUdinfl 
fragment of a ^galactosidase gene sequence 

nucleotides 861-1195 in the * g nis would encode 

( Parsley , S. - Smith G .P . 1988 supra ^ ^ domain. 

112 amino acids of a much larger « licarion , no 

45 Therefore. prior to the P«sent »P P been 

iSSSS^a - « r^Ve-sur^ce > y use 

50 of e.g. antibodies. ^ TTT w as se veral domains 
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a sicnci sequence "he" cirecis the prctsir. to tr.e ceil 
memDrane and which Is then cleaved erf; ; ii ! £ coheir. 
5 that anchors the mature prctem into the bacterial ceil 
memcrane ( and also tne pnace coat ) ; and ( ill ) 5 cc-air. 
that specifically hinds to the phage receptor, tr.e ~- 
pilus of the host bacterium. Short sequences derived 
from protein molecules have been inserted into two places 

10 within the mature molecule (Smith, G . , 1S85 supra., and 
Parmiey , S.F. and Smith G.P., 1988 supra.). Namely, into 
an inter-domain region and also between amino acres 2 and 
3 at the N- terminus . The insertion sites at the N- 
terminus were more successful in maintaining the 

15 structural integrity of the gene III protein and 
displaying the peptides on the surface of the phage. By 
use of antisera specific for the peptides, the peptides 
inserted into this position were shown to be on the 
surface of the phage. These authors were also able to 

20 purify the phage, using this property- However, the 
peptides expressed by the phage, did not possess 
measurable biological functions of their own. 

Retaining the biological function of a molecule when 
it is expressed in a radically different context to its 

25 natural state is difficult. The demands on the structure 
of the molecule are heavy. In contrast, retaining the 
ability to be bound by -specific antisera is a passive 
process which imposes far less rigorous demands on the 
structure of the molecule. For example, it is the rule 

30 rather than the exception that polyclonal antisera will 
recognise totally denatured, and biologically inactive, 
proteins on Western blots (see for example, Harlow, E. 
and Lane, D., Antibodies. a Laboratory Manual, Cold 
Spring Haroor Laboratory Press 1988). Therefore, the 

25 insertion of peptides into a region that allows their 
structure to be probed with antisera teaches only that 
the region allows the inserted sequences to be exposed 
and does not teach that the region is suitable for the 
insertion of large sequences with demanding structural 

40 constraints for the display of a molecule with a 
biological or binding function. In particular, it does 
not teach that domains or folded units of proteins can be 
displayed from sequences inserted in this region. 

This experience with Western blots is a graphic 

45 practical demonstration which shows that retaining the 
ability to be bound by specific antisera imposes far less 
rigorous demands on the structure of a polypeptide, than 
does folding for the retention of a biological function. 

Studies have been carried out, in which E.coli have 

50 been manipulated to express the protein p-adrsnergic 
receptor as a fusion with the outer membrane protein 
lamB. The ^-adrenergic receptor was expressed in a 
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i-jnc'ionsi rem as cetemmec by -he presence of cir.dir.c 
cCiivny. However, wnen en equivalent an.itocy iusicr. 
-as maae with iamS , me anribocy fusion was tcxic re tr.e 
hos- cell. 

5 The applicants have i^vesiicaied the cossiciiiTy cf 

inserting the gene ceding sequence for biologically 
active antibody fragments into tne gene III region cf fd 
to express a large fusion protein. As is apparent frorr. 
the previous discussion, this approach makes onerous 

10 demands on the functionality of the fusion protein. The 
insertion is large, encoding antibody fragments of at 
. least 100-200 amino acids; the antibody derived domain 
must fold efficiently and correctly to display antigen- 
binding; and most of the functions of gene III must be 

13 retained. The applicants approach to the construction of 
the fusion molecule was designed to minimise the risk of 
disrupting these functions. In an embodiment of the 
invention, the initial vector used was fd-tet (Zacher, 
A.N., et al.,~* 1980, Gene 9; 127-140) a tetracycline 

20 resistant version of fd bacteriophage that can be 
propagated as a plasmid that confers tetracycline 
resistance to the infected E. coli host. The applicants 
chose to insert after the signal sequence of the fd gene 
III protein for several reasons. In particular, the 

25 applicants chose to insert after amino acid 1 of the 
mature protein to retain the context for the signal 
peptidase cleavage. To retain the structure and function 
of gene III itself, the majority of the original amino 
acids are synthesized after the inserted immunoglobulin 

30 sequences. The inserted immunoglobulin sequences were 
designed to include residues from the switch region that 
links VH-VL to CH1-CL (Lesk, A., and Chothia, C. , Nature 
225, 188-190, 1988). 

Surprisingly, by manipulating gene III of 

2 5 bacteriophage fd, the present applicants have been able 
to construct a bacteriophage that displays on its surface 
large biologically functional antibody, enzyme, and 
receptor molecules whilst remaining intact and 
infectious. Furthermore, the phages bearing antibodies 

40 of desired specificity, can be selected from a background 
of phages not showing this specificity. 

The sequences coding for a population of antibody 
molecules and for insertion into the vector to give 
expression of antibody binding functions on the phage 

45 surface can be derived from a variety of sources. For 
example, immunised or non- immunised rodents or humans, 
and from organs such as spleen and peripheral blood 
lymphocytes. The coding sequences are derived frcm these 
sources by techniques familiar to those skilled in the 

50 art (Orlandi, R. , et al. , 1989 supra; Larrick. J.W. , et 
al., 1989 supra; Chiang, Y . L. , et al., 1989 Bio 
Techniques 7 • ?• 360-366; Ward, E.S, et al., 1989 supra; 
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fracmenis cr. the surface c: a phage. Eacr. :r,c:v::ui. 
in the resulting library cf pAcs will express sr.:i:ccies 
cr antibody derived fragments "at ere rr.cnccicnai vitr. 
respect to "their antigen-binding characteristics . 

The disclcsure made by the present applicants is 
* 0 important and provides a significant breakthrougn m tne 
technology reiatmc to the production cf biciocicai 
binding molecules, their fragments and derivatives by the 
use of recombinant methods. 

In standard recombinant techniques for the 
15 production of antibodies, an expression vector containing 
sequences codinc for the antibody polypeptide cnains is 
used to transform e.g. E.coli. The antibody polypeptides 
are expressed and detected by use of standard screening 
svstems. When the screen detects an antibody polypeptide 
20 of the desired sDecificity, one has to return to the 
particular transformed E.coli expressing the desired 
antibody polypeptide. Furthermore, the vector containing 
the coding sequence for the desired antibody polypeptide 
then has "to be isolated for use from E.coli in further 
23 processina steos. 

In the present invention however, the desired 
antibodv polypeptide when expressed, is already packaged 
with its gene coding sequence. This means that when the 
an antibody polypeptide of desired specificity, is 
20 selected, there is no need to return to the original 
culture for isolation of tnat sequence. Furthermore, in 
previous methods in standard recombinant techniques, each 
clone expressing antibody needs to be screened 
mdividuallv. The" present application provides for the 
23 selection of clones expressing antibodies with desired 
properties and thus only requires screening of clones 
from an enriched pool . 

Because a rgdp ( eg a pAb ) is a novel structure that 
displays a memoer of "a specific binding pair (eg. an 
40 antibody of monoclonal antigen-binding specificity) at 
the surface of a relatively simple replicable structure 
also containing the genetic information encoding th 
member, rgdps eg pAbs , that bind to the complementary 
member of the specific binding pair (eg antigen) can be 
45- recovered verv efficiently by either eluting off rhe 
comDlementarv member using for example diethylamine . hign 
salt etc and infecting suitable bacteria, ^or by 
denaturing the structure, and specifically amplifying t:he 
sequences" encodino the member using PCR. That is, there 
30 is "no necessity to refer back to the original bacterial 
clone that aave rise to the pAb. 

For some ourposes . for example immunoprecipitation 
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and some ciacnosiic tests. it Is acvamaceous " us f 
-oivcicnai antibodies or an'ibocy :racmen:s. -he ^ese... 
Invention allows t.-.is io be achieved by either seie^icr. 
o- an enriched oooi of pAbs with cesirea properties cr ry 
m 'vina individually isolated clones with cesirec 



properties. The antibodies cr antibody iracrner.ts msy 
hen be expressed in soluble form if desired. Sucr. a 



selected polyclonal pAb population can be grown f re- 
stocks of pr>aae. bacteria containing phagemics cr 
bacteria exDressina soluble fragments derived rrom the 
selected polyclonal population. Thus a reagent 
equivalent to a polyclonal antiserum is created wnxch can 
be replicated and routinely manufactured in culture 
without use of animals. 
15 SELECTION FORMATS AMD AFFINITY MATURATION 

iHdividual rgdps eg pAbs expressing the aesired 

specif iciry eg for" an antigen, can be isolated from the 
complex library using the conventional screening 
techniques (e.g. as described in Harlow, E. , and Lane, 
20 D. , 1988, supra Gherardi , E et al. 1990- J . Immunol, 
meth. 126 p61-68). 

The" applicants have also devised a series o^ novel 
selection techniaues that are practicable only because of 
the unique properties of rgdps. The general outline of 
25 some screening procedures is illustrated in figure 2 
using pAbs as an example type of rgdp. 

The population/library of pAbs to be screened could 
be generated from immunised or other animals; or be 
created in vitro by mutagenising pre-existing phage 
30 antibodies (using techniques well-known in the art such 
as oligonucleotide directed mutagenesis (Sambrook, J., et 
al., 1989 Molecular Cloning a Laboratory Manual, Cold 
Spring Harbor Laboratory Press ) . This population can be 
screened in one or more of the formats described below 
25 with reference to figure 2, to derive those individual 
pAbs whose antigen binding properties are different from 
sample c. 
Binding Elution 

Figure 2(~i ) shows antigen ( ag ) bound to a solid 
40 surface (s) the solid surface (s) may be provided by a 
petri dish, chromatography beads, magnetic beads and the 
like. The population/ library of pAbs is then passed over 
the ag, and those individuals p that bind are retained 
after washing, and optionally detected with detection 
45 system d. A detection system based upon anti-fd antisera 
is illustrated in more detail below in example 4. If 
samples of bound population p are removed under 
increasingly stringent conditions, the binding affinity 
represented in each sample will increase. Conditions of 
increased strinoency can be obtained, for example, by 
increasing the time of soaking or changing the pH or the 
soak solution, etc. 
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,.oe aefe—ir.c ~= figure 2< ii ) ar.ticen ac car. =e 

bound -o e soiic'support s "and round re sa-ura-ic" ry tr.e 
c-icinal fcindinc molecule c. If e poouiazior. c. ...-_,=.... 
pAb" (or £ set" of unrelated pAbs > is offeree t=^ the 
complex, only tnose that have higher ammty :cr £---?er. 
ac "man c will cine. In most examples, only a "-""-"V 
of oopularion c will be displaced by individuals rrom 
population p. If c is a traditional antibody molecule. 
10 al 1 bound material can be recovered and bounc p recoverec 
by infecting suitable bacteria and/or by use of stanaarc 
techniques such as PCR. 

An advantaaeous application is where ag is usee as a 
receotor and c "the corresponding ligand. The recoverec 
15 bound population p is then related structurally to the 
- receotor bindinc site/and or ligand. This- type of 
specificity is known to be very useful in the 
pharmaceutical industry . 

Another advantageous application is where ag is an 
20 antibody and c its antigen. The recovered bound 
population p is then an anti-idiotype antibody which have 
numerous uses in research and the diagnostic and 
pharmaceutical industries. 

At present it is difficult: to select directly for 
25 anti-idiotype antibodies. pAbs would give the ability to 
do this directly by binding pAb libraries (eg a naive 
library) to B cells (which express antibodies on their 
surface) and isolating those phage that bound well. 

In some instances it may prove advantageous to pce- 
30 select population p. For example, in the anti-idiotype 
example above. p can be absorbed against a related 
antibody that does not bind the antigen. 

However, if c is a pAb. then either or both c and p 
can advantaoeously be marked in some way to D °th 
^5 distinguish and select for bound p over bound c. This 
marking can be physical, for example, by pre-labelling p 
with biotin: or more advantageously, genetic. For 
example, c can be marked with an EcoB restriction site, 
whilst p can be marked with an EcoK restriction site (see 
40 Carter, P. et al . . 1985. Nucl. Acids Res. 13, 4431-4443). 
When bound p+c are eluted from the antigen and used to 
infect suitahlft harteria, th*»re is restriction (and thus 
no growth) of population c (i.e. EcoB restricting 
bacteria in this example). Any phage that grew, would oe 
45 greatly enriched . for those individuals from p with higher 
binding affinities. Alternatively, the genetic marking 
can be achieved by marking p with new sequences . wnich 
can be used to specifically amplify p from the mixture 

using PCR. . . _ - _ 

50 Since the bound pAbs can be amplified us^ng -w 

examole PCR or bacterial infection, it is also possible 
to rescue the desired specificity even when insurficient 
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incividueis are bound to allow detec-icr. vie ccr.ver.-.cr.a- 
zecnniques ^ ^ seiec _ cn ci ft pnage 

cis=l^nc% prot.in molecule with • ■ desirec speci c 

^ - ----- r —v wil often be eiuticr. iron an = B6 — * 

S:-*-V wV B nd Tea examole 21). Elation witt ^cre 2Si nc 
^^ent-Tt^ons ci iiaanc snould elute pnage c:s?i8y:nc 
w-r-wen^awions -; ncreasinc affinity. However, wnen 



binding molecules of increasing 

ea a pAb binds to its antigen witnnich = ?- 
»r,,-*%v for another protein to its bmaing partner) 
maV not be possible to elute the P Ab from an affinity 
may nor be . P° ss le relare d to the antigen. 

A?4^tively there mav be no suitable specific eluting 
mole^le rhaV can be prepared in sufficiently high, 
conintration. In these cases it is necessary to use an 
SSSSn method which is not specific to eg the antigen- 
antibody comolex. Some of the non-specific elution 
methods generally used reduce phage viability ror 
instance, ohaoe viability is reduceo with time at pH 2 
20 rSossomando. E.F. and Zinder N.D. J. Mol.Biol. 36 3E7-399 
1968). There may be interactions between ea ** r ^°° 0 " 
and affinity matrices which cannot be ««wr«d "^"J 
comoletely removing phage inactivity. re!y on 

method is required to elute phage which aoes "ly on 

?s disruption of eg the antibody antigen interaction. a 
25 meSod Sas therefore devised which allows 

bound pAbs under mild conditions (reoucti on of a « ^ithiol 
group with dithiothreitol) which do not disrupt phage 
structure (examole 47). - 

This elution procedure is just one £ 
elution procedure under mild conditions. A particularly 
advantaoeous method would be to introduce a 
seouencl encoding amino acids constituting • "fg"^ 
site for cleavaoe bv a highly specific protease ojrween 
^foreign aene inserted, in this instance a gene for an 
IntiSy fra'oment. and the sequence of the «ja«o«r or 
gene III. Examples of such highly specif ic proteas es are 
Factor X and thrombin. After binding of the phage ro an 



Factor X and thrombin. aiisi D x» UJ .» y — ±£± 

affinity matrix and elution to remove non -sP e "f,J5 
40 bln^ng phage and weak binding phage, «rx^cly ^nd 

ohaae would be removed by wasning the column 
SolJase under conditions suitable for dlge.tt.on at the 
clelvaoe site. This would cleave the antiboay =rag«ent 
Irom the phage particle eluting the phage. These phage 
45 would be exoected to be infective since the only 
protease site should be the one *pecifical ov 
Strongly binding phage could then be recoverea 
infectina ea. E.coli TGI cells. _ . „ _>-_ 

^ alternative procedure to the above is to take the 

so -^^f^^rs^hrsau 00 '^ ss 

ana extract the una. .or eso»»* - - ror1 -iv 

solution. Extracted DNA can then be usee to airectiy 



PCT/GB»WOll?-i 

WO 92/01047 



10 



30 



40 



encoding sequences car. oe err.p— _ec. : " " 
FCR with suitable primers suer. as tnose as""* 
and then inserted into a vi«cr rcr c^^ss.. - . ^ : 

soluble antibody fcr rurtner stucy c- « p~b -w e_ 

rounds of selection. _ ; . 

Another cref erred methoc :cr seiectior, o« c -~ 

affinity would be by binding to an affinity ir.atnx 
c^nta-~ninc low amounts of ligand. 

~* 0 ne wishes to select from a population or pnages 
d<SDlayinc a protein molecule with a high affinity fcr 
°-s* lioand. a preferred strategy is to bind a population 
ohage to an affinity matrix which contains a low 
amount of liaand. There is competition between phage. 
i 5 cisolaving hiah affinity and low affinity proteins, for 
* bindina to the ligand on the matrix Phage ^^^J 
hich affinity protein is preferentially bound ana low 
a^nity prZteln is washed away. The high affinity 
protein is then recovered by elution with the ligand or 
20 by other procedures which elute the phage from the 
affinity matrix (example 35 demonstrates this procedure). 

In summary then, for recovery of the packaged DNA 
from the affinity step, the package can be simply eluted. 
-it can be eluted in the presence of a homologous sbp 
25 member which competes with said package for binding to a 
complementary sbp member: it could be removed by boiling, 
it could be removed by proteolytic cleavage of the 
.protein; and other methods will be apparent to those 
skilled in the art eg. destroying the link between the 
substrate and comolementary sbp member to release saio 
packaged DNA and sd P member. At any rate, the objective 
is to obtain the DNA from the package so that it can be 
used directly or indirectly, to express the sop member 
encoded thereby. . 

The efficiencv of this selection procedure for pads 
and the ability to* create very large libraries means that 
the immunisation techniques developed to increase the 
proportion of screened cells producing antiboaies of 
interest will not be an absolute requirement . The 
technioue allows the rapid isolation of ^^1*9 
specificities eo antigen-hinding specificities, including 
those that would be difficult or even unobtainable by 
conventional techniques, for example, catalytic or anti- 
idiotypic antibodies. Removal of the animal ^°f^^ 
45 is now possible, once a complete library of the immune 
reoertoire has been constructed. 

The novel structure of the pAb molecule can be usea in a 
number of other applications, some examples of wmch are. 
Signal Amplification . 

50 Acting as a novel molecular entity in itself . -gap s 

eg pAbs combine the ability to bind a specific 

eg antigen with amolif ication. if the major coat protein 
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used " attach anctner moiety. This mciety can re 
attached via inununoiocicai. cnerr.icai. cr any ether means 
and can be used, for example, tc label the compiex w:tr. 
detection reagents cr cytotoxic molecules for use vivo 
5 or in vitro . 

Physical Detection 

~" The s-~e c: the rgeps eg pAbs can be usee as a 
marker particularly with respect to physical methods c: 
detection such as electron microscopy and/cr some 

10 biosensors, e.g. surface piasmon resonance. 
Diacnostic Assavs 

The radps eg pAbs also have advantageous uses in 
diacnostic "assays, particularly where separation can be 
effected using their physical properties for example 

15 centrif ugation, filtration etc. 

In order that the invention is more fully 
understood, embodiments will now be described in more 
detail by way of example only and not by way of 
limitation with reference to the figures described below. 

20 Figure 1 shows the basic structure of the simplest 

antibody molecule IgG. 

Figure 2 shows schematically selection techniques 
which utilise the unique properties of pAbs; 2i ) shows a 
binding/elution system; and ( 2ii ) shows a competition 

25 system ( p=pAb; ag = antigen to which binding by . pAb is 
required; c=competitor population e.g. antibody, pAb, 
ligand; s=substrate (e.g. plastic beads etc); d=detection 
system. 

Figure 3 shows the vector fd-tet and a scheme for 

30 the construction of vectors, fdTPs/Bs ( for insertion of 
VH coding sequences) and fdTPs/Xh for the insertion of 
scFv coding sequences . 

Figure 4 " shows the nucleotide sequences for the 
oligonucleotides and vectors. All sequences are drawn 5' 

25 tc 3 1 and are numbered according to Beck et al. , 1978, 
Nucl. Acid Res., 5: 4495-4503. 4.1 shows the sequences 
of the oligonucleotides used for mutagenesis (oligo's 1 
and 2) or seouencing ( oligo 3). The sequences shown were 
synthesized "on an Applied Biosystems, oligonucleotide 

40 synthesizer and are* compj ementary to the si.ng.le . stranded 
form of f d-tet ( they are in the anti-sense form with 
respect to gene III). 4.2 shows the sequences of the 
various constructs around the gene III insertion site. 
These sequences are drawn in the sense orientation with 

45 respect to oene III; (A) f d-tet (and f dTSBst ) (B) 
fdTPs/Bs and "(C) fdTPs/Xh. The key restriction' 'enzyme 
sites are shown along with the immunoglobulin amino acids 
contributed by the vectors , ( amino acid single letter 
code is used, see Harlow, E. r and Lane, D. , 1988 supra.). 

50 Figure 5 shows the nucleotide and amino acid 

seouences for scFv in the vector scFvD1.3 rayc. This 
cives the seouence of the anti-lysozyme single chain Fv 
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end surrounding sequences -r. scrv2-.- r.yc 



:errr^nei Dei o 



signal pep-ice sequence end me C-ie....ir.a. 



i7. vc rag "sequence (Ward, E.S. . ez ai., L9E9 . supra. . 
Also shown is the peptide sequence linking .ne VH anc M 
recicns. The amino acid sequence is representee cccve 
-he nucleotide sequence by the single letter ^cce . see 
Harlow, E . . and Lane D. , 198e supra. 

Ficure 6 shows the binding of pAbs to lysozyir. e ^ar.c 
-.w e effect of valine the amount of supernatant- «acn 
point is the average of duplicate samples. Lysozyme was 
coated at 1 mg/ml in 50 mM NaHC0 2 . 

Figure 7 shows the effect of • varying the coating 
concentration of lysozyme or bovine serum albumin on the 
binding of pAbs to lysozyme in graphical form. Each 
15 point is the average of duplicate samples. 

Ficure 8 shows the sequence around the cloning site 
in gene" III of fd-CAT2. 'Restriction enzyme sites are 
shown as well as the amino acids encoded by antibody 
derived sequences. These are flanked at the 5* end by 
20 the gene III signal peptide and at the 3' end by 3 
alanine residues (encoded by the Not 1 restriction site) 
and the remainder of the mature gene III protein. The 
arrow shows the cleavage site for cutting of the signal 
oeptide. 

25 Figure 9 shows the binding of pAb (1.3) to 

lysozymes. Binding of phage as detected by ELISA ro (a) 
hen egg-white lysozyme ( HEL) (b) turkey egg-white 
lysozyme (TEL), (c) human lysozyme (HUL), (d) bovine 
seirum albumin ( BSA ) . A further control of (e) fdTPs/Bs 
30 to HEL. 

Figure 10 shows a map of FabD1.3 in pUC19. 
Figure 11 shows the ELISA results providing a 
comoarison of lysozyme-binding by phage-Fab and phage- 
scFv. Vectors fdCAT2 (example 5); f dscFv( OX ) =pAbNQll 
35 (Examole 9); fdVHCHl (D1.3)=grown in normal cells (i.e. 
no L" chain. see example 7); fdFab(D1.3) i.e. fdVHCHl 
(D1.3) grown in cells containing D1.3 L chain; fdscFv 
( Dl .3 )=pAbD1.3. 

Figure 12 shows oligonucleotide probing of affinity 
40 purified phage. 10 i2 phage in the ratio of 1 pAb (D1.3) 
in \ 10 4 fdTPS/Bs phages were affinity purified and 
probed with an oligonucleotide specific for pAb (D1.3) A 
is a filter after one round of affinity purification (900 
colonies total) and B is a filter after two rounds (372 
45 colonies total ) . 

Figure 13 shows the sequence of the anti-oxazolone 
antibody fragment NQ11 scFv. The sequence contributed by 
the linker is shown in the lower case. The sequence for 
VH is before the linker sequence and the sequence for VL 
50 is after the linker. 

Figure 14 shows the ELISA results for binding pAb 
NQ11 * and pAb D1.3 and vector fdTPs/xh to specified 
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"-icure 15 shows rhe sequence surrcunc-.. t w.ie p..c~ 
-•-se^rion in f d-phoAlal66 . The restriction sites usee 
-o- clonina are shown, as well as rhe ammo acics encccec 
bv"shoA around rhe insertion sire. The first five amine 
ac-'ds of rhe marure fusion cose iron gene n-. 

- iau-e 16(1) shows rhe srrucrure cf gene III anc rhe 
native BamHI sire inro which a scFv coding sequence was 
"nse-red in examole 13 and figure 16(2) shows rhe natural 
10 pepride linker sires A and B for possible insertion or 

scFv coding sequences. . 

Figure 17 shows schematically rhe protocol fc- pck 
assembly of mouse VK and VLK repertoires for phage 

disoiay described in. example 14 . , 

15 " Figure 18 shows examples of rhe final products 

obtained with the procedure of example 14. Lanes a and b 
show the products of tne initial PCR using heavy ana 
liaht chain primers respectively; lane c shows rhe 
complete assembled 700bp product before final digestion 
wirh Notl and ApaLl ; Ml, M2 markers *174 Hae III digfft 
and 123 base pair ladder (BRL Limited, P.O. Box 35. 
washingron Road, Paisley, Scorland) respectively. 

Figure 19 shows the binding of 1Z5 I-PDGF-BB to fd h- 
PDGFB-R phage in immunoprecipitation assay and comparison 
to fdTPs/Bs and no phage controls; binding is expressed 
as a percentage of the total 125 I-PDGF-BB added to the 

incubation. 125t nnrr cata 

Figure 20 shows the displacement of A - ts I-PDGF-BB 
bound to fd-h-PDGFB-R phage using unlabelled PDGF-BB 
measured using an immunoprecipitation assay. Binding is 
expressed as a percentage of the total J- 25 I-PDGF-BB added 
to the incubarion. -> c ____ DO 
Figure 21 shows the displacement of j -"I-PDGF-bb 
bound to fd-h-PDGFB-R phage using unlabelled PDGF-BB 
measured using an immunoprecipitation assay. Non- 
specific binding of 12 5 I -PDGF-BB to vector phage fdTPs/Bs 
in the absence of added unlabelled PDGF was deducted from 

each point. , , „ 

Figure 22 shows rhe results of an ELISA of lysoxyme 
bindin- by pCAT-3 scFv D1.3 phagemid in comparison with 
pCAT-i' vector (both rescued by M13K07) and fdCAT2 scFv 
D1.3 as described in example 17. The ELISA was performed 
as described in example 6 with modifications detailed in 

example 18 . . 
45 Figure 23 shows the digestion pattern seen when 

individual clones, selected at random from a library ox 
single chain Fv antibody genes derived from an immunised 
mouse; are digested with BstNl- 

Figure 24 shows VH and VK gene sequences derived 
50 from the combinatorial library in example 21 and the 

hierarchical library in example 22. . QCr 

Figure 25 shows a matrix of ELISA signals for clones 
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C c-:vec ire- rancor: ccr.r:ir.a "~ -al lie. a./. :s£i:"u.:cr. 
cf me clones is as in figure 24. The number c: ccr.es 
found wirh each combination is snovn oy the n^erais. 

Ficure 26 snows a ) the phagemic pHz.Nl a cerivdivc 

5 cf pUCl"l9 described in example 24; and b) the --"ir.: 
sues in the ohaaemic pKEN. 

Ficure 27. "The antibody constructs cionec ir.tc :c- 
CAT2 "and pHENl for display cn the surface cf pnace . 
Constructs I. II, HI and IV were cloned into both fc- 

0 CAT2"~(as AoaLI-Notl fragments) and pHENl (as Sfil-NotI 
^acments) "and pHENl (as Sfil-NotI fragments). All the 
constructs contained the heavy chain (VH) and light chain 
(VK) variable regions of the mouse anti-phOx antibody 
NQ10.12.5. The constant domains were human CK and CK1 

15 1 isotype ) . . , 

Figure 28. Three ways of displaying antiboay 
fragments on the surface of phage by fusion to gene III 
protein. 

Figure 29 . Western blot of supernatant taken from 
20 pHENl-II(+) or pHENl(-) cultures in E.coli HB2151,. 
showing secretion of Fab fragment from pHENl-II only. 
The anti -human Fab detects both H and L chain. Due to 
the attached c-myc tag, the L chain, highlighted by both 
anti-c-myc tag and anti-human CK antisera, is slightly 
25 laraer (calculated Mr 24625) than the H chain (calculated 
Mr23145). 

Fiaure 30 is a plot showing the effect of lysozyme 
dilution on ratio of ELISA signals obtained using pAbD1.3 
or soluble scFv D1.3. 
3 3 Figure 31 is a plot showing the effect of lysozyme 

dilution on ELISA signals obtained using fdTscFvD1.3 and 
soluble scFvD1.3. 

Figure 32 is a plot showing positive results from an 
ELISA screen of. phage displaying scFv fragments derived 
25 from the cell line 013 which express a monoclonal 
antibody directed against oestriol. 

Figure 33 is a plot showing positive results from an 
ELISA screen of phaoe displaying scFv fragments derived 
from the cell line 014 which express a monoclonal 
40 antibody directed against oestriol. 

Figura 34 is a Western Blot showing expression of the 
alkaline phosphatase-gene 3 fusion. 16pl of 50 fold 
concentrate of each phage sample was detected on western 
blots with either anti -gene 3 antiserum (e-f) or wxth 
45 anti-alkaline phosphatase antiserum (c-f) 

a) fd-phoAlal66 grown in TGI cells 

b) fd-phoAlal66 grown in KS272 cells 

c) fdCCAT2 grown in TGI cells 

d) fdCAT2 grown in TGI cells, mixed with 13 ng of 
50 purified alkaline phosphatase 

e) fd-phoAlal66 grown in TGI cells 

f ) fdCAT2 grown in TGI cells. 
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Ficure 35 is a Wes:em 31or showing ultrafiltration c: 
phaae-enryne lOOui cf 50 fold concentrate cf phage 
( representing 5mis of culture supernatant ) 
cenrrifuged through ultrafiltration membranes v:: 
nominal molecular weight retention of 300,000 caltcns. 
Western blots of flow through and retentate fractions 
were detected with anti-alkaline phosphatase antiserum. 
The equivalent of 500ul of original culture supernatant 
was run on the gel . 

A. Phage were grown in TGI cells. a) fd-phoAla!66 
before ultrafiltration (short exposure). b) fd-phoAlal66 
before ultrafiltration. c) fd-phoAlal66 material 
retained on ultrafiltration membrane. 

B . .. Phage were grown in KS272 cells . a ) fd-phoAlal 66 
before ultrafiltration. b) fd-phoAlal66 material 
retained on ultrafiltration membrane, c) fdCAT2. d) 
fdCAT2 mixed with purified alkaline phosphatase before 
ultrafiltration. e) Retentate from sample d. f) Flow 
through from sample d. 

Figure 36 Electrophoresis of samples from stages of 
a Fab assembly. Samples from different stages in the PCR 
Fab assembly process described in example 33 were 
subjected to electrophoresis on a 1% TAE-agarose gel. 
Samples from a comparable scFv assembly process ( as in 
example 14) are shown for comparison. Samples left to 
right are: 

M = Markers 

VHCH1 = sequences 

amplified 

VKCK = sequences 

amplified 



domains 



domains 



-L 



encoding VHCH1 
by PCR 

encoding VKCK 
by PCR 

reaction per f ormed 
linker 



45 



M 

VK 
VL 
-L 
+ L 
M 



Fab assembly 
in absence of 
Fab PCR assembly 
product VHCH1 plus 
linker 
Markers 

sequences encoding 
amplified by PCR 
sequences encoding 
amplified by PCR 
scFv assembly reaction 
absence of linker 
scFv assembly reaction 
presence of linker 
Markers 



reaction 
VKCK plus 



VK domain 



VH domains 



xn 



in 



Figure 37. Comparison of ELISA signals with scFv 
D1.3 cloned in fd-CAT2 (fd) or pCAT-3. pCAT-3 scFvl.3 has 
50 been rescued with M13K07 (K07). M13K07Aglll No 3 (gill No 
3) or M13K07 glllANo 2 (glllNo2). Phage antibodies are 
compared at 10 times (lOx) 1 times (lx) or 0.1 times 
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(C.I ;-: ) ccncenrrc -icr.s relative zz ccr.cer-rs::-^ -~ ^-j- 
supernaiam after cverr.icnt crowtr.. The icCAT. ar.c p\_.-w - 
2 " non-recombinant vector signals were <C . 01 at ^C*>: 
concentration. M13K07 cIII^No I did not rescue^ at all. 
5 as iudaed by no sicnai above background in tr.is ^IISA 

Figure 3S. Western bict cf PEG precipitatec rnace 
used in" ELISA probed with anti-c2p. rree c2p and tr.e 
c2p-scFvD1.3 fusion bands are arrowed. 
Sample 1 - fd scFvDl . 2 

10 SamDle 2 - pCAT3 vector 

Sample 3 - pCAT3 scFvDl .2 rescued with M13K07, no IFTG 
Sample 4 - pCAT3 scFvD1.3 rescued with M13K07, 50uM IPTG 
Sample 5 * pCAT3 scFvD1.3 rescued with M13K07 , lOOuM IPTG 
Sample 6 - pCAT3 scFvD1.3 rescued with M13K07 gIII-£No3 

15 " (no IPTG) 

Samole 7 - pCAT3 scFvDl. 3 rescued with M13K07 glll^ No 2 
(no IPTG) 

Panel A samples contain the equivalent of 8ul of 
phageiuid culture supernatant per track, and 80pl of the 
20 fd "supernatant (10- fold lower phage yield than th 
phagemid ) . Panel B phagemid samples are those used in 
panel A at a five- fold higher sample loading (equivalent 
to 40pl of culture supernatant per track) to enable 
visualisation of the fusion band in samples rescued with 
25 parental M13K07 . 

Figure 39 is a graph showing f dCAT2scFvDl . 3 
enrichment produced from a mixture of f dCAT2scFvDl . 3 and 
fdCAT2TPB4 by one round of panning. 

Figure 40 is a graph showing f dCAT2scFvDl . 3 
30 enrichment produced from a mixture of f dCAT2scFvDl . 3 and 
fdCAT2TPBl by one round of panning. 

Figure 41. Western blot of phage proteins of 
fdCAT2(l) and f d- tet-SNase( 2 ) with anti-g3p antiserum. 
Marker molecular weights bands are indicated ( kD ) . 
35 Figure 42. Nuclease assay of soluble SNase (3 ng ) ( A- 

l),fd-tet-SNase(4 x 10 S TU , ( B-l ) , f d-CAT2( 2 x 10 10 TU)(C-1) 
and of a PEG-precipitated fdCAT2 and SNase mixture(2 x 
10 10 TU and 0.7ug)(D-l) in a 10- fold dilution series (1 to 
3 or 4). Marker (M) is a Hindlll digest of ,\-DNA(New 
40 England Biolabs ) . 

Figure 43. ELISA signals obtained with fd-tet, fd- 
CD4-V1 "ana fd-CD4-VlV2. In each group of three, the 
samples are left to right phage concentrate ( SN ) ; phage 
concentrate plus soluble CD4(SN + sCD4 ) ; phage 
45 concentrate plus gp 120 (SN + gp 120). 

Figure 44. shows the DNA sequence of scFv B18 (anti- 
NP ) . ~ 

Figure 45 shows a map of the insert of sequences 
encoding FvDl-3 present in fd-tet FvD1.3 (example 39). 
50 rbs designates the ribosome binding site. Gene 111 is 
now shown in its full length. 

Figure 46. shows an ELISA assay of phages displaying 
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FvDl.Z or scrvD1.3 by binding to plates ccatec v: 
iysocvme. Sicnals obtained at various dilution factors 
are shown. Fvbl.2 (/iS-Stuf f er ) wnich does not express rv 
was used as a control. 
5 Fiaure 47. shows a schematic representation c: steps 

involved in the FCR assembly of nucleotide sequences 
encocinc human Fab fragments. Details are in example 4C. 

Ficure 4S. shows ~ A. a map of plasmid pJMl-rabDl-2 
which is used for the expression of soluble human Fab 
10 fragments and as a template for the synthesis of linker 
DNA for Fab assembly. B. a schematic representation of 
sequences encoding a Fab construct- C. The sequence of 
DNA template for" the synthesis of linker DNA for Fab 
assembly, 

15 Figure 49- shows a schmatic representation of steps 

involved in the PCR assembly of nucleotide sequences 
encoding human scFv fragments. Derails are in example 
42, 

Figure 50. ELISA assay of phage antibodies using 
20 plates coated with turkey egg lysogyme. Two clones Bl 
and A4 are shown derived by mutagenesis and selection 
from pAbD1.3 (example 45). Concentration (x axis) refers 
to the concentration of phage for each sample relative to 
the concentration in culture supernatant. Bl has raised 
25 binding to turkey egg lysogyme compared to D1.3. A4 has 
reduced binding to hen egg lysogyme compared to D1.3- 

Figure 51. ELISA of phage antibodies binding to HEL 
and TEL. Clone 1 is f dCAT2scFvD1.3. Clones 2 to 10 were 
obtained from the library (example 46) after selection. 
30 The background values as defined by binding of these 
clones to BSA were subtracted. 

Figure 52. shows the DNA sequence of the light 
chains D1.3 M1F and M21 derived by selection from a 
hierarchical library, in example 46. 
35 Figure 53 shows a Fv lambda expression vector 

(example 48) derived from pUC119. It contains the 
rearranged lambdal germ line gene. The heavy and light 
chain cassettes each contain a ribosome binding site 
upstream of the pel.B leader (Restriction sites shown as: 
40 H-Hind 111; Sp«SphI; B«BamHI, E-EcoRI. 
Materials and Methods 

The following procedures used by the present 
applicants are described in Sambrook r J. et al„, 1989 
supra.: restriction digestion, ligation, preparation of 
45 competent cells ( Hanahan method), transformation, 
analysis of restriction enzyme digestion products on 
agarose gels, purification of DNA using 
phenol /chloroform, 5 ' -end labelling of oligonucleotides, 
filter screening of bacterial colonies, preparation of 
50 2xTY medium and plates, preparation of tetracycline stock 
solutions, PAGE of proteins, preparation of phosphate 
buffered saline. 
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All enzymes were supplied by New England =.c-~-s i ~: 
Laboratories, ?C 3ox 22, Bishop's Storrrcrd. Herts.. 
England) and were used according tc manufacturer's 
instructions unless other-wise stared, 
c The vector fd-tet ( Zacher , A.N. et al-, 196C, supra) 

was obtained from the American Type Culture Ccllect.cn 
( ATCC No. 27000) and transformed into competent TGI cells 
(oenorvpe: K126 (lac-pro), sup E, thi, hsaDS/F traC2S, 
pro A+3+, Lac 1<5, lac 6K15). 

l0 Viral particles were prepared by growing TGI cells 

containing the desired construct in 10 to 100 mis 2xTY 
medium with 15 pg/ml tetracycline for 16-24 hours. The 
culture supernatant was collected by centrif ugation for 
10 mins at 10,000 rpm in an 8 x 50 ml rotor, Sorval RC-55 

15 centrifuge. Phage particles were precipitated by adding 
l/5th volume 20% polyethylene glycol (PEG)/2. 5M NaCl and 
leaving at 4*C for 1 hour. These were spun for 15 
minutes as described above and the pellets resuspended in 
10 mM Tris/HCl pH 8, ImM EDTA to l/100th of the original 

20 volume- Residual bacteria and undissolved material were 
removed by spinning for 2 minutes in a microcentrifuge* 
Single stranded DNA for mutagenesis or sequencing was 
prepared from concentrated phage according to Sambrook, 
J., et al., 1989,, supra. 

25 Index of Examples 

Example 1 Design of Insertion Point Linkers and 
Construction of Vectors 

This example covers the construction of two 
derivatives of the phage vector fd-tet: a) fdTPs/Bs"for 

30 the insertion of VH coding sequences; and b) fdTPs/Xh for 
the insertion of scFv coding sequences. The derivative 
vectors have a new BstEII site for insertion of 
sequences . 

Example 2 Insertion of Immunoglobulin Fv Domain into 
35 Phage 

This example covers the insertion of scFv coding 
sequences derived from an anti-lysozyme antibody D1.3 
into fdTPs/Xh to give the construct fdTscFvD1.3. 
Example 3 Insertion of Immunoglobulin VH Domain into 

40 Phage . 

This example " covers the insertion of VH coding 
sequences derived from an anti-lysozyme antibody D1.3 
into fdTPs/Bs to give the construct fdTVHD1.3. 
Example 4 Analysis of Binding Specificity o f Phage 
45 Antibodies m . . 

This example investigates the binding specificities 
of the constructs fdTscFvD1.3 and f dTVHDl . 3 . 
Example 5 Construction of fdCAT2 

This example covers the construction of the 
50 derivative fdCAT2 of the phage vector fdTPs/Xh. The 
derivative has restriction sites for enzymes that cut DNA 
infrequently . 
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F- XMC le 6 Specific Bi n dinc c£ Phaee Antibocv ( oAb re 

Ar " i °S ±s example shows tiie binding of pAb fdTscFvDl.3 
to Ivsoryme by ELISA. ^ 
rypmole 7 Expre ssion of FabDl . 3 

This exanole concerns the display of en antibocy Fab 
-aomenr at the phage surface. The VH-.CH1 chain is 



;;^Ised by fdCAT2. The VL-CL chain is expressed by 
tu-lVlt a bacterial host cell also infected with fdCAT2. 
10 Example 8 Isolation of Specific. Desired Phage -rom a 
Mixture of V ector Phaoe ^ _ , ^ . 

This example shows how a phage (e.g.. fdTscFvDl.o) 
displaying a binding molecule can be isolated from vector 
phage by affinity techniques. 

SC^ni/ 9 Construction of oAb Expressing Anti-Hapten 



^ Cr " V Tni s example concerns the insertion of scFv coding 
seouences derived from the anti-oxazolone ™£*? y N ? he 
into fdTPs/Xh to generate the construct pAbNQll. The 
20 example shows the binding of pAbNQll to oxazalone by 

Sample 10 Enrichment of oAbDl.3 from Mixtures of other 
pAbs bv Affinity Purification , » 
ThT^ — example shows how a phage (eg. pAbD1.3) 

25 displaying one sort of biding molecule can be ^olalred 
from phage (e.g. pAbNQll ) displaying another sort of 
binding molecule by affinity techniques. -„™,o 
Example 11 Insertion of a Ge ne Encoding an Enzyme 
(Al kaline Phosphate) int o fdCAT2 . 

30 This example concerns the invention of coding 

sequences for an enzyme into the vector fdCAT2 to give 
the phage enzyme, fdphoAlall6. ._ - - . 
Example 12 Measuring Enzym e Activity Phaoe - Enzyme 
Tnis example shows the functionality of an enzyme 

35 (alkaline phosphatase) when displayed at the phage 
surface ( f dphoAlal66 ) . . „ 

Example 13 Insertion of Binding Molecules into 
Alternative Sites in the Phage 

This example covers the insertion of scFv coding 

40 sequences derived .from a) the anti-lysozyme "J^^J 
Dl?3; and b) the ant i -oxazalone antibody NQ11 • intt) a 
BamHl site of fdTPs/Xh to give the constructs fdTBaml 
having an NO 11 insert. 

SHSS/l4 PCR Assembly of Mou se VH and VLK Repertoires 

45 for Phage Display . 

This example concerns a system for the display on 

phage of all VH and VLK repertoires encoded by a nouse. 
The system involves the following steps . 1 ) Pr ^P*" 1 ^? 
of RNA from spleen. 2) Preparation of cDNA from the RNA 

50 3) Use of primers specific for antibody sequences to ^PCR 
amplify all VH and VLK cDNA coding sequences 4) Use of 
PCR to create a linker molecule from linking pairs of VH 
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and VLK sequences 5; Use cf ~Z~. tr csserr-.e .:r.:;r.:::ui- 
DNA molecules each comprising a VK sequence, a -ir^ er cnc 
a VLK seauence. The specific VK/VLK ccrr.b.nci .:cr. xs 
randomly derived 6) Use of ?Cr% to introduce rest.-c.-cr. 

Sample 15. Insertion of the Extr acellular Dc^in jrf _a 
Human Receptor for Platelet Derived Grower. Factor > rDGr ) 
Isoform BS into fdCAT2 

This example concerns the insertion cf coding sequences 
i o for the extracellular domain of the human receptcr for 
PDGF into the vector f dCAT2 to give the construct 
fdhPDGFBR. 

Example 16. Binding of 125 I-PDGF-BB to the Extracellular 
Domain of the Human Receptor for PDGF Isoform BE 

15 Displayed on the Surface of fd Phage. Measured usmc an 

Inununoprecipi t ation Assay . . . . . 

This example shows that the human receptor PDGF Isoform 
BB is displayed on the surface of the phage in a form 
which has the ability to bind its ligand. 

20 Example 17. Construction of Phaoemid Containing Gene III 
Fused with the Coding Sequence for a Binding Molecule . 
This example concerns the construction of two phagemids 
based on pUC119 which separately contain gene III from 
fdCAT2 and the gene III scFv fusion f dCAT2seFvDI . 3 to 

25 generate pCAT2 and pCAT3 scFvDI.3 respectively. 

Example IB. Rescue of Anti-Lvsozyme Antibody Specificity 
from oCAT3scFvD1.3 by M13KQ 7 

This example -describes the rescue of the coding sequence 
for the gene IIIscFv fusion from pCAT3scFvDl -3 by M13M07 
30 helper phage growth, phage were .-shown to be displaying 
scFv anti-lypozyme activity by ELISA. 

Example 19. Transformation Efficiency of PCAT-3 and pCAT- 
3 scFvD1.3 Phaoemxds 

This example compared the efficiency of the phagemids 
35 pVC119, pCAT-3 and pCAT3scFvDl . 3 and the phage fdCAT2 to 
transform E.coli. 

Example 20 PCR Assembly of a Single Chain Fv Library from 
an Immunised Mouse 

This example concerns a system for the display on phage 
40 of scFv (comprising VH and VL) from . an immunised mouse 
using the basic technique outlined in example 14 (cDNA 
preparation ana PCR assembly of the mouse VH and VL.K 
repertoires) and ligating the PCR assembled sequences 
into fdCAT2 to create a phage library of 10 5 • clones. 
45 Testing of 500 clones showed that none showed specificity 
against phox. 

Example 21. Selection of Antibodies Specific for 2- 
phenyl- 5-oxazolone from a Repertoire from an Immunised 
Mouse. 

50 This example shows that phage grown from the 1 ibrary 
established in example 20 can be subjected to affinity 
selection using phOX to select those phage displaying 
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scFv wirh the desired specificity. 

Example 22. Generation of Further Antibocv Sc ecificitie? 
bv the Assembly of Kierarchial Libraries. 

This examoie concerns the construction of hiersrcr.is: 
5 libraries "in which a given VH sequence is cc-c.nec w;.th 
the complete VLK repertoire and a given VLK sequence is 
combined with the complete VH repertoire and selection 
from these libraries of novel VH and VL pairings. 
Example 23. Selection of Antibodies Displayed on 

10 Bacteriophage with Different Affinities for 2-phenyl-5- 
oxazolone usino Affinity Chromatography 

This example concerns the separation by affinity 
techniques of phages displaying scFv fragments with 
differing binding affinities for a given antigen. 

15 Example 24. . Construction of Phagemid pHENl for the 
Expression of Antibody Fragments Expressed on the surface 
of Bacteriophage following Superinfection 

This example concerns the construction of the 
phagemid pHENl derived from pUC119. pHENl has the 

20 features shown in Fig. 26. 

Example 25. Display of Single Chain Fv and Fab Fragments 
Derived from the Anti-Oxazoione Antibody NQ 10.12.5 on 
Bacteriophage fd using pHENl and fdCAT2. 

This example describes the display of scFv and .Fab 

25 fragment wirh a specif iciry against phOx on the surface 
of "a bacteriophage. For display of scFv the phagemid 
pHENl comprises the sequences encoding scFv (VH and VL) 
for rescue by either the phages VSM13 or fdCAT2. For 
display of Fab the phage fdCAT2 comprises the sequence 

30 for either the H or L chain as a fusion with g3p and the 
phagemid pHENl comprises the sequence for the appropriate 
H or L . chain partner. 

Example 26 . Rescue of Phagemid Encoding a Gene III 

protein Fusion with Antibody Heavy or Light Chains by 

35 Phage Encoding the Complementary Antibody Displayed on 
Phage and the Use of this Technique to make Dual 
Combinatorial Libraries 

This example covers the use of phage antibodies 
encoding the antibody heavy or light chain to rescue a 

40 phagemid encoding a gene 3 protein fusion with The 
complementary chain and the assay of Fab fragments 
displayed on phage in ELISA. The use of this technique 
in the preparation of a dual combinatorial library is 
discussed. 

45 Example 27 Induction of Soluble scFv and Fab Fragments 
using Phagemid pHENl , , 

This example covers the generation of soluble scFv 
and Fab fragments from gene III fusions with sequences 
encoding these fragments by expression of clones in pHENl 

50 in an E.coli strain which does not suppress amber 
mutations* 

Examoie 28 - Increased Sensitivity in ELISA of Lvsozyme 
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usinc fcTscFvD1.2 as Prir.a: 



This example covers the use of fcTscFvD1.2 *r. ~ — S~ 

showina that lower amounts of iysozyme can be cetectec 
5 with phage antibody fdTscFvDI.3 than with soluble 
scrvD1.3. 

Example 29 Direct Rescue and Expression cr Mouse 
MSnoclonal Antibodies as Single Chain Fv Fracnents cr. _tne 
Surface of Bacteriophage fd 

iq This example covers the display on phage as 

functional scFv fragments of two clones directly derived 
*rom cells expressing monoclonal antibodies directed 
against oestriol. Both clones were established to be 
functional using ELISA. 

15 Example 30 Kinetic Properties of Alkaline Phosphatase 
Displayed on the Surface of Bacteriophage fd 

This example concerns the demonstration that- the 
kinetic properties of an enzyme, alkaline phosphatase, 
displayed on phage are qualitatively similar to those of 

20 the" same enzyme when in solution. 

Example 31 Demonstration using Ultrafiltration that 
Cloned Alkaline Phosphatase Behaves as Part of the Virus 
Particle 

This example concerns the construction of the phage 
25 enzyme fdphoArgl66 and the demonstration that both the 
. fusion protein made and the catalytic activity observed 
derive from the phage particle. 

Example 32 Affinity Chromatography of Phage Alkaline 
Phosphatase 

30 This example concerns the binding of alkaline 

phosphatase displayed on phage to an arsenate-Sepharose 
affinity column and specific elution of these phage using 
the reaction product, phosphate. 

Example 33 PCR Assembly of DNA Encoding the Fab Fragment 
35 of an Antibody Directed against Oxazolone 

This example covers the construction of a DNA insert 

encoding a Fab fragment by separate amplification of 

heavy and light chain DNA sequences followed by assembly. 

The construct was then inserted into the phage vector 
40 fdCAT2 and the phagemid vector pHENl and the Fab fragment 

displayed on the surface was shown to be functional. 

Example 34 Construction of a Gene III Deficient Helper 

Phage 

This example describes the construction of a helper 
45 phage derived from M13K07 by deleting sequences in gene 
III. Rescue of pCAT3-scFvDl . 3 is described. The 
scFvDl-3 is expressed at a high level as a fusion using 
the deletion phage, equivalent to expression . using 
f dCAT2-scFvDl . 3 . 
50 Example 35 Selection of bacteriophage expressing scFv 
fragments directed against Iysozyme from mixtures 
according to affinity using a panning procedure 
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This example concerns the selection of bacteriophage 
according to the affinity of the scFv fragment c-rectec 
aoainst lysozvme which is expressed on their surrace. 
-he phaoe of different affinities were bounc tc Petri 
- dishes coated with lyscryme and, following washing, bounc 
phaae eluted using triethylamine. Conditions were found 
whe^e substantial enrichment could be obtained for a 
phage with a 5-fold higher affinity than the phage with 
which it was mixed. 
10 s ample 36 Expression of Catalvtically active 
Staphylococcal Nuclease on the Surface of Bacteriophage 
fd - • * . 

— This example concerns the construction of a phage 
enzvme which expresses Staphylococcal nuclease and the 
15 demonstration that the phage enzyme " retains nuclease 

activity- „ ^ - 

E xample 37 Display of the Two Aminoterminal Domains of 
Human CD4 on the Surface of fd Phage 

This example covers the cloning of genes for domains 
20 of CD4 , a cell surface receptor and member of the 
immunoglobulin superfamily, into bacteriophage fd. The 
receptor is shown to be functional on <the surface of 
phage by binding to the HIV protein gpl20. 

Example 38 Generation and Selection of Mut ants of an 
25 Anti-4"hydroxy-3-nitroDhenylacetic acid ( NP ) Antibody 

expressed on Phaoe using Mutator strains 

This example covers the introduction of mutations 

into a gene for an antibody cloned in phage by growth,, of 

the phage in strains which randomly mutate DNA due to 
30 defects in DNA replication. Several mutations are 

introduced into phage which can then be selected from 

parent phage . 

Example 39 Expression of a Fv Fragment on the Surf ace of 
Bacteriophage bv Non-Covalent Association of VH and VL 
35 domains 

This example shows that functional Fv fragments can 
be expressed on the surface of bacteriophage by non- 
covalent association of VH and VL domains. The VH domain 
is expressed as a gene III fusion and the VL domain as a 

40 soluble polypeptide. Sequences allowing expression of 
these domains from the anti-lysozyme antibody. ^1.3 in 
this form were introduced into phage and the resulting 
displayed Fv fragment shown to be functional by ELXSA. 
Example 40 A PCR Based Technique for one step Cloning of 

45 Human V-oenes as Fab Constructs 

This example gives methods for the assembly of Fab 
fragments from genes for antibodies- Examples are given 
for genes for antibodies directed against Rhesus-D in a 
human hybridoraa and a polyclonal lymphoblastic cell line * 

50 Example 41 Selection of Phage Displayi ng a Human Fab 
Fragment directed against the Rhesus-D Antige n bv binding 
to Cells displavxno the Rhesus D Antigen on their Surface 
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This example concerns the ccr.stru::::" ci. -r._ 
c-soiav of phage antibodies from, a phagemic encoc.nc a 
numan Fab fragment cireczec against the ° Se^e-ed 

»hage displaying this antigen were then a— ni -i se-e-.ew 
* iron a background of phage displaying scFvDl.c a..._- 
lysczyme on the basis of binding to Rhesus -D positive rec 
blood. cells. _ 

rxample 42 A PC3 Based Technique for One St eo Clonmc or 
vnma n scFv Constructs _ 

0 This example describes the generation or libraries 

of scFv fragments derived from an unimraunizea human. 
Examples are given of the preparation for phage display 
of libraries in phagemids of scFv fragments aerivea -rom 
IqG and IgM sequences. 
15 Example 43 Isolation of Binding Activities fr om a Library 
of se Fvs" from an Unimmunized Human 

Tnis example describes the isolation, from the 

library of scFv fraoments derived from IgM genes of an 
unimmunized human." of clones for phage antibodies 
20 directed against BSA, lysozyme and oxazolone. Selection 
was bv panning or affinity chromatography and analysis of 
binding specificity by ELISA. Sequencing of the clones 
showed them to be of human origin. 

Example 44 Rescue of human IoM library using helpe r phaoe 

25 lacking gene 3 ( o3 ) . , 

This example covers the isolation, from the library 

of scFv fragments of unimmunized human IgM genes, of 
clones of phaoe antibodies of clones for phage antibodies 
specific for" thyroolobulin and oxazolone. In thi,s 

30 example rescue was with M13K07gIII No3 (NCTC12478), a 
helper phage defective in gene III. Fewer rounds of 
selection appeared necessary for a phagemid library 
rescued with this phage compared to one rescued with 

M13K07. _ , 

35 Example 45 Alteration of Fine Specifici ty of scFvD1.3 
displayed on Phage bv Mutagenesis and Selection — on 
Immobilized Turkey Lvsozyme 

This example covers the in vitro mutagenesis of 

pCATscFvDli3 by replacement, with random amino acids, of 
residues known to be of importance in the preferential 
recngrition of hen egg lysozyme over turkey egg lysozyme 
by scFvDl.3. Following selection for phage antibodies 
recognising turkey egg lysozyme by affinity 
chromatography, clones were analysed for specificity Dy 
45 ELISA. Two groups of clones were found with more equal 
recognition of hen and turkey lysozymes. one with 
increased ELISA signal with the turkey enzyme and^ one 
with reduced signal for the hen enzyme. 

Examp le 46 Modification of the Specif ic -s ty of an Antibody 
50 bv Replacement of the VLK Domain by a VLK Li brary derived 
from an Unimmunised Mouse 

~~ This example shows that replacement of the VL domain 
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of scFvD1.3 specific fcr hen eggvhite iysczyme ( KEL. } witr. 
£ " iibrarv of VL domains allows selection c: scrv 
fracments " which bind also tc turkey eggwnite lyscz\— e 
(TEL). The scFv fragments were displayed cn phage anc 
selection by panning on tubes coated with TEL. Analyses 
bv ELISA showed clones with enhanced binding jrc TEL 
compared to KEL. Those with highest binding tc T-L were 
secuenced . 

Example 47 Selection of a Phade Antibodv Specificity by 
binding to an Antigen attached to Magnetic Beads. Use of 
a cieavable Reagent to allow Elution of Bound Phage under 
Mild Conditions 

This examples covers the use of a cieavable bond in 
the affinity selection method to alow release of bound 
phage under mild conditions. pAbNQll . was enriched, 
approximately 600 fold from a mixture with pAbD1.3 by 
selection using biotinylated Ox-BSA bound to magnetic 
beads. The cleavage of a bond between BSA and the biotin 
allows elution of the phage. 

Example 48 Use of Cell Selection to provide an Enriched 
Pool of Antigen Specific Antibody Genes, Application to 
reducing the Complexity of Repertoires of Antibody 
Fragments Displayed on the Surface of Bacteriophage 

This example covers the use of cell selection to 
25 produce an enriched pool of genes encoding antibodies 
directed against 4-hydroxy-3-nitrophenylacetic acid and 
describes how this technique could be used to reduce the 
complexity of antibody repertoires displayed on t;he 
surface of bacteriophage. 
30 Example 1 

Design of Insertion Point Linkers and Construction of 
Vectors 

The vector fd-tet has two BstEII restriction sites 
flanking the tetracycline resistance gene (fig 3). Since 

35 the strategy for inserting the VH fragments was to ligata 
them into a newly inserted BstEII site within gene III, 
it was advantageous to delete the original BstEII sites 
from fd-tet. This was achieved by digesting fd-tet with 
the restriction enzyme BstEII, filling-in the 5 f 

40 overhangs and re-lioating to generate the vector fdT6Bst. 
Digesi-icn of fd-tet with BstEII (0.5 units/pl) was 
carried out in lx KGB buffer (100 raM potassium glutamate, 
23 mM Tris-acetate (pH 7.5), 10 raM magnesium acetate, 50 
pg/ml bovine serum albumin, 0.5 mM dithiothreitol 

45 (Sarabrook, J., et al., 1989, supra.) with DMA at a 
concentration of 25 ng/ul. The 5* overhang was filled 
in, using 2x KGB buffer, 250 pM each dNTP's (Pharmacia 
Ltd. , Pharmacia House , Midsummer Boulevard, Milton 
Keynes, Bucks., UK.) and Klenow Fragment (Amersham 

50 International, Lincoln Place, Green End, Aylesbury, 
Bucks., UK) at 0.04 units/pl. After incubating for 1 
hour at room temperature, DNA was extracted with 



10 



20 



WO 92/01047 ^ 



10 



15 



20 



30 



45 



phenol /chlcrcf err. ar.c precipitate: _ ^ _ 

Ligations were carried cuw at a DNA ccr.csr.tr- 
50nc/pl). Ligations were transferee ir.tc co-pete." .o- 
ce-^s and plated onto TV plates supplementec witr. - r 
vg/ml tetracycline. This selects for vectors wnere me 
oene for tetracycline resistance protein has reir.sertec. 
into the vector durinc the ligation step. Colonies were 
picked into 25 mis c: 2xTY medium supplementec with 1: 
ug/mi tetracycline and grown overnight at 37 *C. 

Double stranded DNA was purified form the resulting 
clones using the oene-clean II kit (BiolOl Inc., PC Box 
2284, La Jolla," California, 92038-2284, USA.) and 
accordina -to the small scale rapid plasraid DNA isolation 
procedure described therein. The orientation of 5 of the 
resulting clones was checked using the restriction enzyme 
Clal. A clone was chosen which gave the same pattern of 
restriction by Clal as fd-tet, but which had no B.s.tE. II 

sites. . 

In vitro mutagenesis of fdT6Bst was usea to generate 
vectors having appropriate restriction sites that 
facilitate cloning of antibody fragments downstream of 
the gene III signal peptide and in frame with the gene 
III coding sequence. The oligonucleotide directed 
mutagenesis system version 2 (Amersham International) was 
25 used with oligo 1 (figure 4) to create fdTPs/Bs (to 
facilitate cloning of VH fragments). The sequence 
offdTPs/Bs (figure 4) was confirmed using the sequenase 
version 2.0 kit (USB Corp., PO Box 22400, Cleveland, 
Ohio, 44122, UsA. ) with oligo 3 (figure 4 ) as a primer. 

A second vector fdTPs/Xh (to facilitate cloning of 
single chain Fv fragments ) was generated by mutagenising 
fdTPs/Bs with oligo 2 according to the method of 
Venkitaraman, A.R., Nucl. Acid Res. 17, p 3314. The 
sequence of fdTPs/Xh (figure 4) was confirmed using the 
35 sequenase version 2.0 kit (USB Corp.) with oligo 3 as a 
primer . 

Clearly, alternative constructions will be apparent 
to those skilled in the art. For example, M13 and/or its 
host bacteria could be modified such that its gene III 
40 could be disrupted without the onset of excessive cell 
death; the modified fd gene III, or other modified 
protein, could be incorporated into a plasmid containing 
a single stranded phage replication origin, such as 
pUC119, superinfection with modified phage such as K07 
would then result in the encapsulation of the phage 
antibody genome in a coat partially derived from the 
helper phage and partly from the phage antibody gene III 

construct. . 

The detailed construction of a vector such as 
50 fdTPs/Bs is only one way of achieving the end of a phage 
antibody. For example, techniques such as sticky feet 
cloning/mutagenesis (Clackson, T. and Winter, G. 1989 
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• Nucl. Acids. Res., 17, p 10163-10170) could be used tc 
avoid use of restriction enzyme digesrs and/or ligation 
streps. 
Example 2. 

5 Insertion of Immunoglobulin Fv Domain into Phaoe 

The plasmid scFv Dl . 3 myc ( gift from g. Winter and 
A, Griffiths) contains VH and VL sequences from the 
antibody D1.3 fused via a peptide linker sequence to form 
a single chain Fv version of antibody D1.3* The sequence 

10 of the scFv and surrounding sequences in scFvD1.3 myc is 
shown in figure 5* 

The Dl - 3 antibody is directed against hen egg 
lysozyme ( Harper , M . et al . , 1 987 , Molec . Immunol . 2A , 
97-108) and the scFv form expressed in E.coli has the 

15 same specificity (A. Griffiths and G. Winter personal 
Communication ) . 

Digestion of scFv D1.3 myc with Pstl and Xhol (these 
restriction sites are shown on Fig* 5), excises a 
fragment of 693 bp which encodes the bulk of the scFv. 

20 Ligation of this fragment into fdTPs/Xh cleaved with Pstl 
and Xhol gave rise to the construct fdTscFvD1.3 encoding 
the gene III signal peptide and first amino acid fused to 
the complete Dl . 3 scFv, followed by -the mature gene III 
protein from amino acid 2. 

25 The vector fdTPs/Xh was prepared for ligation by 

digesting with the Pstl and Xhol for 2 hours followed by 
digestion with calf intestinal alkaline phosphatase 
( Boehringer Mannheim UK Ltd . , Bell Lane , Lewes , East 
Sussex , BN7 1LG ) at one unit/ul for 30 minutes at 37 * C . 

30 Fresh calf intestinal alkaline phosphatase was added to a 
final total concentration of 2 units/ul and incubated for 
a further 30 minutes at 37 *C. The reaction was extracted 
three times with phenol /chloroform, precipitated with 
ethanol and dissolved in water. The insert from scFvD1.3 

35 myc was excised with the appropriate restriction enzymes 
(Pstl and Xhol) extracted twice with phenol/chloroform, 
precipitated with ethanol and dissolved in water. 
Ligations were carried out as described in example 1, 
except both vector and insert samples were at a final 

40 concentration of 5 ng/ul each. The formation of the 
correct construct .was confirmed by sequencing as 
described in example 1 . 

To demonstrate that proteins of the expected size 
were produced, virions were concentrated by PEG 

45 precipitation as described above. The samples were 
prepared for electrophoresis as described in Sambrook J. 
et al 1989 supra. The equivalent of 2mls of supernatant 
was loaded onto an 18% SDS polyacrylaraide gel. After 
electrophoresis, the gel was soaked in gel running buffer 

50 (50 mM tris, 380 mM Glycine, 0.1%SDS) with 20% methanol 
for 15 minutes. Transfer to nitrocellulose filter was 
executed in fresh Ix running buffer/20% methanol using 



WO 92/01047 



i>CT-'C.n"i.'ou>i 



10 



TZ7C Seir.i ?ncr a se,T.i-cry = -<=ttir:? _ a?? 5^V~ 1 1 

654 Mir.nesc:e Stree: . Box . .-c. 

r £ i - forr.ic 94107, USA.)- . . . 

A*-re- transfer, the filter was bicckec by : — 

*o- 1 'hour in a 2% solution of milk powaer ( K«- .-a J. ~ ; 
ohosphate buffered saline (PES). Detectior c: s.:v 
VH Srotein sequences in tne phage an uibocj 7-*- — 
proteins was effected by soakmc the ->e. -c. 
with a 1/1000 dilution (in 2% milk powaer or a -at--, 
^olvclonal antiserum raised against ^f^^ty P^™« ■ 
Sacterially expressed scFv rragment (girt ..oc G. 
Sinti). After washing with PBS ( 3 x 5 minute washes), 
bound primary antibody was detected using J^-™"^ 
antibody conjugated to hcrseracish peroxidase (Sigma. 
i5 Scy Road. PoSle. Dorset. BH17 7NH, UK.) for 1 hour. 

?he filter was washed in PBS/0.1% triton x-100 ana 
' developed with 0.5 mg/ml 3 . 3 ' -diaminobenzidine 
^^hydrochloride (DAB). 0.02% cobalt chloride, 0.03% 
hydrogen peroxide ^BS ^ ^ f 

example 3 incorporating sequences coding for VH ) and 
fdTscFvD1.3 (incorporating sequences coding for scFv ) a 
prolein of between 69.000 and 92,500 daltons is detected 
by the anti-Fv serum. This is the expected size for the 
1* 4sion proteins constructed. This product is not 
obJer^ed P In supernatants derived from fd-tet, fdT6Bst or 
fdTPs/Xh. 

Tn^ion' o f immunoclobulin VH D o main into Phage Antibody 

30 The VH fragment from D1.3 was generated from the 

plasmid pSWl-VHD1.3-TAGl (Ward E.S. et al., 1989 
Supra.)- Digestion of this plasmid with Pstl and BstEII 
generates the fragment shown between positions 113 and 
432 in figure 5. Cloning of this fragment into the Pstl 
and BstEII sites of fdTPs/Bs gave rise to the construct 
f dTVHDl . 3 which encodes a fusion protein with a complete 
VH domain inserted between the first and third amino 
acids of the mature gene III protein (amino acid two has 

been deleted ) . _ „„„_. r 

40 The methods used were exactly as in example 2 except 

that the vector used was fdTPs/Bs digested with Pstl and 

BstEII. 
Examijlfc 



35 



45 



50 



Exa mLiife -» . , - . . . . , . . _ _ 

Analysis of Binding Sp ecificity of Phage ^^ b °d xes ^ 

The binding of the various phage antibodies to the 

specific antigen. lysozyme was analysed using ELISA 
technioues. Phage antibodies (e.g. f dTVHDl. 3 ana 
fd?sc/FvD e i S 3) were 9 grown in E.coli and Phage ^ ^booy 
particles were precipitated with PEG as described in the 
materials and methods. Bound phage antibody P^^^| 
were detected using polyclonal sheep serum raised -gainst 
the closely related phage M13 . 
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ZLISA plares were prepared by coctmg J: well places 
(Falcon Kicrotest 111 flexible plate, raicor.: Sector. 
Dickinson Labware , 1950 Williams Drive, Cxnarc . 
California, 93030, USA. ) with 200 ul of a solution c: 
5 Ivsozyme ( Img/ml unless otherwise stated) in 50 nun NaHCC3 
fcr 16-24 hours. Before use, this solution was removed, 
the plate rinsed several times in PBS and incubated with 
200 ul of 2% milk powder/PBS for 1 hour. AFter rinsing 
several times with PBS, 100 ul of the test samples were 

i o added and incubated for 1 hour. Plates were washed (3 
rinses in 0.05% Tween 20/PBS followed by 3 rinses in PBS 
alone ) . Bound phage antibodies were detected by adding 
200 ul/well of a 1/1000 dilution of sheep anti-M!3 
polyclonal antiserum (gift from G. Winter, although an 

15 equivalent, antibody can be readily made by one skilled in 
the art using standard methodologies) in 2% milk 
powder /PBS and incubating for 1 hour. After washing as 
above, plates were incubated with biotinylated anti- sheep 
antibody (Amersham International) for 30 minutes. Plates 

20 were washed as above, and incubated with streptavidin- 
horseradish peroxidase complex (Amersham International ) • 
After a final wash as above, 0.5 mg/ml ABTS substrate in 
citrate buffer was added (ABTS = 2 • 2 • -azinobis (3- 
ethylbenzthiazoline sulphonic acid ) ; citrate buffer = 50 

25 mM citric acid, 50 mM tri -sodium citrate at a ratio of 
54:46. Hydrogen peroxide was added to a final 
concentration of 0.003% and the plates incubated for 1 
hour. The optical density at 405 run was read in a 
Titertek multiskan plate reader. 

30 Figure 6 shows the effect of varying the amount of 

phage antibody. 100 ul of various dilutions of PEG 
precipitated phage were applied and the amount expressed 
in terms of the original culture volume from which it was 
derived. Signals derived from both the scFv containing 

35 phage antibody ( f dTscFvDl . 3 ) and the VH containing phage 
antibody (fdTVHDl. 3) and the VH containing phage antibody 
were higher than that derived from the phage antibody 
vector (fdTPs/Xh). The highest signal to noise ratio 
•* occurs using the equivalent of 1.3 mis of culture. 

40 Figure 7 shows the results of coating the plates 

with varying concentrations of lysozyme or bovine serum 
albumin (BSA). The equivalent of 1 ml of" the original 
^ phage antibody culture supernatant was used. The signals 

from supernatants derived from fdTscFvD1.3 were again 

45 higher than those derived from fdTPs/Xh when lysozyme 
coated wells were used. There was no significant 
difference between these two types of supernatant- when 
the plates were cbated with BSA. Broadly speaking the 
level of signal on the plates is proportional to the 

50 amount of lysozyme coated. These results demonstrate 
that the binding detected is specific for lysozyme as the 
antigen. 
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Exar.ple 5 . 

Cor.s^ruc tz.cr. c— fc w~ . . — 

It would be useful to design vectors thst enable the 
use of restriction enzymes that cut DNA infrequently , 
5 thus avoiding unwanted digestion of the antibody gene 
inserts within their coding sequence. Enzymes with ar. 
eight base recognition sequence are particularly useful 
in this respect, for example Notl and Sfii. Chauchary* e: 
al (PNAS 67 p!066-1070, 1990) have identified a number cf 

10 restriction sites which occur rarely in antibody variable 
genes. The applicant has designed and constructed a 
vector that utilises two of these sites, as an example of 
how this type of enzyme can be used. Essentially sites 
for the enzymes ApaLl and Notl were engineered into 

15 fdTPs/Xh to create f dCAT2. 
The oligonucleotide : 

- - 5' ACT TTC AAC AGT TTC TGC GGC CGC CCG TTT GAT CTC GAG CTC 
CTG CAG TTG GAC CTG TGC ACT GTG AGA ATA GAA 3' 
was synthesised (supra fig 4 legend) and used to 

20 mutagenise fdTPs/Xh using an in vitro mutagenesis kit 
from Amersham International as described in example 1, to 
create fd-CAT2. The sequence of fd-CAT2 was checked 
around the site of manipulation by DNA sequencing. The 
final sequence around the insertion point within gene III 

25 is shown in figure 8 . 

N.B. fdCAT2 is also referred to herein by the alternative 
terminologies fd-tet-DOGl and fdDOGl. 
Example 6 

Specific Binding of Phage- antibody (pAb) to Antigen 
30 The binding of pAb D1.3 (fdTscFvD1.3 of example ,2) 

to lysozyme was further analysed by ELISA. 
Methods . 

1 . Phaoe crowth . 

Cultures of phage transduced bacteria were prepared 

35 in 10-100 mis 2 x TY medium with 15 \xg/ml tetracycline 
and grown with shaking at 37 *C for 16-24 hrs. Phage 
supernatant was prepared by centrif ugation of the culture 
(10 min at 10,000 rpm, 8 x 50 ml rotor, Sorval RC-5B 
centrifuge). At this stage, the phage titre was 1 - 5 x 

40 lO^o/ml transducing units. The phage were precipitated 
by adding 1/5 volume 20% PEG 2.5 M NaCl, leaving for 1 hr 
at 4*C, and centrif uging (supra). The phage pellets were 
resuspended in .10 mM Tris-HCl, ImM EDTA pH 8.0 to l/100th 
of the original volume, and residual bacteria and 

45 aggregated phage removed by centrif ugation for 2 min in a 
- bench microcentrifuge. 
ELISA 

Plates were coated with antigen (1 mg/ml antigen) 
and blocked as described in example 4. 2 x IO^q phage 
50 transducing units were added to the antigen coated plates 
in phosphate buffered saline (PBS) containing 2% skimmed 
milk powder ( MPBS ) . Plates were washed between each step 
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with Three rinses c: 0.5% Tveen-2G in FES zcliowec ry 
t n ree rinses of PES. Bound phage was developed ry 
incubating with sheep anti-K13 antisera and detected with 
horseradish peroxidase ( HHP ) conjugated anti-ccat seru- 
5 ( Sicma, Poole, Dorset, UK) which also detects sheep 
immunoglobulins and A5TS ( 2 1 2 ' -azincbis ( 3 - 
ethvlbenzthiazoline sulphonic acid ) . Readings were taker, 
at 405 run after a suitable period. The results (figure 
9 ) show that the antibody bearing-phage had the same 

10 pattern of reactivity as the original D1.3 antibody 
(Harper, M. , Leina, F. , Boulot, G . , and Poljak, F.J. 
(1987) Molec. Immunol- 24, 97-108 ), and bound to hen egg- 
white lysozyme, but not to turkey egg-white lysozyme. 
human lysozyme or bovine serum albumin. The specificity 

15 of the phage is particularly illustrated by the lack of 
binding to the turkey egg-white lysozyme that differs 
from hen egg-white lysozyme by only 7 amino acids. 
Example 7 . 

Expression of Fab Dl ■ 3 

20 The aim of this example was to demonstrate that the 

scFv format used in example 2 was only one way of 
displaying antibody fragments in the pAb system. A more 
commonly used antibody fragment is the Fab fragment 
(figure 1) and this example describes the construction of 

25 a pAb that expresses a Fab- like fragment on its surface 
and shows that it binds specifically to its antigen. The 
applicant chose to express the heavy chain of the 
antibody fragment consisting of the VH and CHI domains 
from coding sequences within the pAb itself and to co- 

30 express the light chain in the bacterial host cell 
infected with the pAb. The VH end CHI regions of anti- 
lysozyme antibody D1.3 were cloned in fd CAT2, and the 
corresponding light chain cloned in plasmid pUC19 . The 
work of Skerra and Pluckthun (Science 240, pl038-lO40 

35 ( 1988) and Better et al 1988 supra; demonstrated that 
multimeric antigen binding fragments of the antibody 
molecule could be secreted into the periplasm of -the 
bacterial cell in a functional form using suitable signal 
sequences. However, in these publications, special 

40 measures were described as being needed to recover the 
hindrnn protein from the cell, for example Skerra and 
Pluckham needed to recover the Fv fragment from the 
periplasm by affinity chromatography. The present 
applicants have shown that it is possible to direct the 

45 binding molecule to the outside of the cell on a phage 
particle, a process that requires several events to 
occur: correct secretion and folding of the binding 
molecule; association of the chains of the binding 
molecule; correct assembly of the phage particle; and 

50 export of the intact phage particle from the cell. 

Alternatively, it is possible however, to express 
the light chain from within the pAb genome by, for 
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example, cloning an expressicr. C3£se—e ir.tc ^ su1.2r.c- 
ciace in The phage genome. Sucr. a suitable piace wcu-i- 
be -che iniergenic region whicn houses the nuiticlomn? 
sires engineered into derivative cf the related pnage 
= (see, for examole, Yanisch-Perron, C. et al . , Gene 2-, 
pl03-119, ( 1985")). 

The startina point fcr this example was the cicnc 
Fab D1.3 in pUCIS, a map cf which is shown in figure 10. 
The ' recions hybridising with the oligonucleotides KSJc 
10 and 7 below are shown underlined in fig 10. The sequence 
encoding the VH-CK1 region (defined at the 5' and 3' 
edges by the oligonucleotides KSJ6 and 7 below) was PCR 
amplified from Fab D1.3 in pUC19 using oligonucleotides 
KSJ 6 and 7, which retain the Pst I site at the 5* end 
15 and introduce a Xho I site at the 3' end, to facilitate 
cloning into fd CAT2. The sequences for the 
oligonucleotides KSJ6 and 7 are shown below. The 
underlined region of KSJ7 shows the portion hybridising 
with the seouence for D1.3. 
20 KSJ6:5' AGG TGC AGC TGC AGG AGT CAG G 3 f 

KSJ7: 5' GGT GAC CTC GAG TGA AGA TTT GGG CTC AAC TTT C 3 f 
PCR conditions were as described in example II , except 
that thirty cycles of PCR amplification were performed 
with denaturation at 92 *C for 45 seconds, annealing at 
25 55 # C for 1 minute and extension at 72 *C for 1 minute. 
The template used was DNA from TGI cells containing Fab 
D1.3 in pUC19 resuspended in water and boiled. The 
template DNA was prepared from the colonies by picking 
some colony material" into lOOpl of distilled H 2 0 and 
30 boiling for 10 mins. lpl of this mixture was used in , a 
20yl PCR. This regime resulted in amplification of the 
expected fragment of approximately 600bp. This fragment 
was cut with Pst I and Xho I, purified from an agarose 
gel and ligated into Pst 1/Xho 1-cut fdCAT2. The PCR 
35 mixture was" extracted with phenol/chloroform and ethanol 
precipitated ( Sambrook et al. supra.) before digestion 
with Pstl and Xhol (New England Biolabs according to 
manufacturers recommendations. The fragment was resolved 
on 1% Tris-Acetate EDTA agarose gel (Sambrook et al. 
40 supra) and purified using Geneclean (BIO 101 r Geneclean, 
La Jolla, San Diego, California, USA) according to 
manufacturers recommendations . 

fd-CAT2 vector DNA was digested with Pst 1 and Xho 1 
(New England BioLabs ) according to manufacturers 
45 recommendations, extracted with phenol/chloroform and 
ethanol precipitated (Sambrook et al. supra.). 

75ng of Pst 1/Xho 1 -digested vector DNA was ligated 
to 40ng of PCR-amplif ied Pstl /Xho Irdigested hEGF-R 
fragment in 12ul of ligation buffer (66mM TrlsHCl 
50 (pH7.6), 5mM MgCl 2 , 5mM dithiothreitol , ( 100vig/ml bovine 
serum albumin, 0.5mM ATP, 0.5mM Spermidine) and 40C U ^J S 
T4 DNA ligase (New England BioLabs) for 16 hours at 16 *C. 
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Two pi of the ligarion mixture was transformed into 
200pl of competent E.coli MC1061 cells, plated on 2TY 
agar containing 15yg/ml tetracycline and incubated at 
30 *C for 20 hours. A portion of the ligation reaction 
5 mixture was transformed into E.coli MC1061 (Available 
from, for example Clontech Laboratories Inc, Palo Alto, 
California) and colonies identified by hybridisation with 
the oligonucleotide D1.3CDR3A as described in example 10. 
The presence of the VHCH1 gene fragment was likewise 

10 confirmed by PCR, using oligonucleotides KSJ6 and 7. A 
representative clone was called fd CAT2VHCH1 D1.3. The 
heavy chain was deleted from Fab D1.3 in pUC19 by Sph I 
cleavage of Fab D1.3 plasmid DNA. The pUC 19 2.7Kb 
fragment containing the light chain gene was purified 

15 from a TAE agarose gel, and lOng of this DNA self-ligated 
and transformed into competent E.coli TGI. Cells were 
plated on 2TY agar containing ampicillin ( lOOpg/ml ) and 
incubated at 30 *C overnight. The resulting, colonies were 
used to make miniprep DNA (Sambrook et al. supra), and 

20 the absence of the heavy chain gene confirmed by 
digestion with Sph I and Hind III. A representative 
clone was called LCD1.3 DHC. 

An overnight culture of fd CAT2VHCH1 D1.3 cells was 
microcentrifuged at 13,000Xg for 10 minutes and 5Q\il of 

25 the supernatant containing phage particles added to 50pl 
of an overnight culture of LCD1.3 DHC cells* The cells 
were incubated at 37 *C for 10 minutes and plated on 2TY 
agar containing ampicillin ( lOOpg/ml ) and 15pg/ml 
tetracycline. Phage were prepared from some of the 

30 resulting colonies and assayed for their ability to bind 
lysozyme as described in example^. 

The results (Figure 11) showed that when the heavy 
and light chain Fab derivatives from the .original 
antibody D1.3 were present, the pAb bound to lysozyme. 

35 pAb expressing the fd VHCH1 fragment did not bind to 
lysozyme unless grown in cells also expressing the light 
chain. This shows that a functional Fab fragment was 
produced by an association of the free light chain with 
VHCH1 fragment fused to gene III and expressed on the 

40 surface of the pAb. 
Ex ample 8 

Isolation of Specific, Desired Phage from a Mixture of 
Vector Phage. 

The applicant purified pAb (D1.3) (originally called 
45 , fdTscFvD1.3 in example 2) from mixtures using antigen 
affinity columns. pAb (D1.3) was .mixed with vector fd 
phage (see table 1) and approximately 10" phage, passed 
over a column of lysozyme-Sepharose (prepared from 
cyanogen bromide activated sepharose 4B ( Pharmacia, 
50 Milton Keynes, Bucks, UK. ) according to the manufacturers 
instructions. TGI cells were infected with appropriate 
dilutions of the elutes and the colonies derived, were 
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anaivsec by crcb.r.g w::r. an c.iccnuciec^ce zr~ . - e ~ — 
cr.iv me DAi (D1.2;- see Table 1 £" — ~ ir.cus-..^ 

fold enrichment c: pAb( Di.2 ) was seen witr. a sir.c-tr 
column oass. By crowing the enriched ?nage ar.c passing 
5 it down" the column again, enrichments c: up to a ^-icn 

fold were seen. 

Enrichment was also dencnstratec us:r.: purely 
immuncloGical criteria. For example, 10^ phage (at a 
ratio of~l pAb (D1.2) to 4 x 10° fdTPs/Bs) was subiectec 

10 to two rounds cf affinity* selection, and then 26 colonies 
picked and crown overnight. The phage was then assayed 
for Ivsozyme binding by ELISA (as example 6). Five 
colonies yielded phage with lysozyme binding activities, 
see table 1, and these were shown to encode the scFv 

15 (D1.3) by PCH screening (example 13, using 30 cycles cf 1 
minute at 92'C, 1 minute at 60 *C, 1 minute at 72 *C using 
CDR3PCR1 and oligo 3 (fig- 4) as primers ) . 

Thus very rare pAbs can be fished out of large 
populations, by using antigen to select and then screen 

20 the phage. ^ , 

In this example, affinity chromatography of pAJDs ana 
oligonucleotide probing were carried out as described 

below . _ "* 

Approximately 10 xz phage particles in 1ml MPBS were 

25 loaded onto a 1 ml lysozyme-Sepharose affinity column 
which had been prewashed in MPBS . The column was washed 
in turn with 10 ml PES; then 10 ml 50 mM Tris-HCl, 500 mM 
Nacl pH 7.5; then 10ml 50 mM Tris-HCl 500 mM NaCl pH 8.5; 
then 5 mis 50 mM Tris-HCl, 500 mM NaCl pH 9.5 (adjusted 

30 with triethylamine) and then eluted with 5 ml 100 mM 
triethylamine . The eluate was neutralised with 0.5 "M 
sodium phosphate buffer pH 6.8 and the phage plated for 
analysis. For a second round of affinity chromatography, 
the first column eluate was plated to about 30,000 

35 colonies per petri dish. After overnight growth, 
colonies were then scraped into 5 ml 2 x TY medium, and a 
20 |il aliquot diluted into 10 ml fresh medium and grown 
overnight. The phaae was PEG precipitated as described 
above, resuspended in 1 ml MPBS and loaded onto the 

40 column, washed and eluted as above. 
Oligonucleotides sythesised : 

CDR3PCR1 5'TGA GGA C( A or T ) C( A or T ) GC CGT CTA CTA CTG 

TGC 3* _ 

40 praole of oligonucleotide VH1F0R (Ward, E. S., et 
45 al (1989) Nature 341, 544-546), specific to pAb (D1.3) 

was phosphorylated with 100 pCi a-32P ATP, hybridised 

(lpraole/ml) to nitrocellulose filters at 67*C in 6 x 

saline sodium citrate (SSC) Sambrook et al., supra. 

buffer for 30 minutes and allowed to cool to -room 
50 temperature for 30 mins, washed 3x1 min at 60 'C in 0.1 

x SSC. 

Examole 9 
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r.nnstmc tion of pAb Expressing Anti-hapt en Activity 
Oxazolone is a hapten -char is commonly used for stuaymg 
the details of the immune response. The anti-oxazalone 
antibody NQ11 has been described previously (E. 
5 Gherardi/R. Pannell, C. Milstein, 3. Immunol. Method 126 
61-68) A plasmid containing the VH and VL gene of NQ11 
was converted to a scFv form by inserting the BstEI I /Sacl 
fragment of scFvD1.3 myc (nucleotides 432-499 of Fig. 5) 
between the VH and VL genes to generate pscFvNQll, the 

10 seouence of which is shown in fig. 13. This scFv was 
cloned into the Pstl/Xhol site of FdTPs/Xh (as described 
earlier) to generate pAb NQ11 has an internal Pstl site 
and so it was necessary to do a complete digest of 
pscFvNQll with Xhol . followed by a partial digest with 

15 Pstl ) - 

The specific binding of pAb NQ11 was confirmed using 
ELISA ELISA plates were coated at 37 "C in 50 mM NaHC03 
at a protein concentration of 200 ug/ml. Plates were 
coated with either hen egg lysozyme (HEL), bovine serum 

20 albumin ( BSA ) , or BSA conjugated to oxazolone (OX-BSA) 
(method of conjugation in Makela O.,, Kartinen M., 
Pelkonen J.L.T., Karjalainen K. (1978) J. Exp. Med. 148. 
1644). Preparation of phage, binding to ELISA plates, 
washing and detection was as described in example 6. 

25 Samples were assayed in . duplicate and the average 
absorbance after 10 minutes presented in figure 14- 

This result demonstrates that the pAb NQ11 binas the 
correct antigen. Figure 14 also shows that pAb D1.3 and 
pAb NQ11 bind only to the antigen against which the 

30 original antibodies were raised./ 

Exa mple 10 m . . 

Enrichment of pAb D1.3 from Mixture s of Other pAb by 

A ffinity Purification 

3 x 10 AW phage in 10 mis of PBSM at the ratios of 

35 pAb D1.3 to pAb NQ11 shown in table 2 were passed over a 
1 ml lysozyme Sepharose column. Washing, elution and 
other methods were as described in example 8 unless 
otherwise stated. Eluates from the columns were used to 
infect TGI cells which were then plated out. Colonies 
40 were probed with a probe which distinguishes pAb pi .3 
from pAb NQ11. The sequence of this oligonucleocide 
(D1.3CDR3A) is:- 

5 ' GTA GTC AAG CCT ATA ATC TCT CTC 3' 

Table 2 presents the data from this experiment. An 
45 enrichment of almost 1000 fold was achieved in one round 
and an enrichment of over a million fold in two rounds of 
purification. This parallels the result described in 
example 8. 

Exa mple 11 , . , , , . 

50 insertion" of a Gene Encoding an En zvme (Alkaline 

phosphatase) into fd-CAT2 

~As an example of the expression of a functional 
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enzyme on the bacteriophage surface, the applicants- r.^vo 
cncser. bacterial alkaline phosphatase , ar. er.zp.r t"3t 
ncrmaliv functions as a dimer ( McCracken. S. and Meichen. 
E . , 3/ Biol. Chem. 255, p2296-2404, (i960)). The 
5 oligonucleotides were designed to generate a PCR product 
with an Apa LI site at the 5* end of phoA gene and a Net 
1 site at its 3* end , thus facilitating cloning ir.tc fd- 
CAT 2 to create a gene III fusion protein. The 
oligonucleotides synthesisec were: 
10 phoAl : 5 ' TAT TCT CAC AGT GCA CAA ACT GTT GAA CGG AC A. CCA 
GAA ATG CCT GTT CTG 3' and, 

phoA2: 5 ' ACA TGT ACA TGC GGC CGC TTT CAG CCC CAG AGC GGC 
* TTT C3' 

The sequence of the phoA gene is presented in Chang C. N. 

15 et al.," Gene 44, pl21-l25 (1986). The plasmid amplified 
(p£K86) contains an alkaline phosphate gene which differs 
from the sequence of Chang et al , by a mutation which 
converts arginine to alainine at position 166. 

The PCR reaction was carried out in lOOvil of 10 mM 

20 Tris/HCl pH 8.3, containing 50 mM KC1, 5mMdNTP 2.5 mM 
MgCl2, 0.01% gelatin, 0.25 units/vil of Taq polymerase 
( Cetus/PerJcin Elmer) and 0.5vig/ml template. The template 
was the pEK86 plasmid (described by Chaidaroglou et al.. 
Biochemistry 27 p8338-8343, 1988). The PCR was carried 

25 out in a Techne (Techne, Duxford, Cambridge, UK) PHC-2 
dri-block using thirty cycles of 1 min at 92*C, 2 min at 
50*C, 3 min at 72"C. 

The resultant product was extracted with 
phenol : chloroform, precipitated with ethanol, and the 

30 pellet dissolved in 3 5ul water. Digestion with 0.,3 
units /ul of Apa LI was carried out in 150)jl volume 
according to manufacturers instructions for two hours at 
37 *C. After .heat inactivation of the enzyme at 65 *C , 
NaCl was added to a final concentration of 150mM and 0.4 

35 units/yl Notl enzyme added. After incubation for 2 hours 
at 37 # C, the digest was extracted with phenol : chloroform 
and precipitated as above, before being dissolved in 30vil 
of water. The vector fd-CAT2 was sequentially digested 
with Apa LI and Notl according to the manufacturers 

40 instructions and treated with calf intestinal alkaline 
phosphatase as described in example 2- The sample was 
extracted three rimes with phenol : chloroform , 
precipitated with ethanol and dissolved in water. The 
ligations were performed with a final DNA concentration 

45 of l-2ng/pl of both the cut fd-CAT2 and the digested PCR 
product. The ligations were transformed into competent 

- TGI cells and plated on 2xTY tet plates. Identification 

of clones containing the desired insert was by analytical 
PCR performed using the conditions and primers above", on 

50 boiled samples of the resulting colonies. The correct 
clone containing the phoA gene fused in frame to g-ne III 
was called fd-phoAla 166. The sequence at the junction 
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of the cloning region is given in figure 15. 
Example 12 

Measuring Enzyme Activity of Phaoe-enzyme 

Overnight cultures of TGI or KS272 (E.coli cells 
5 lacking phoA. Strauch K. L. , and Beckwith J. PNAS 85 
1576-1580, 1988) cells containing either fd-phoAla 166 or 
fd-CAT2 were grown at 37*C in 2xTY with 15pg/ml 
tetracycline. Concentrated, PEG precipitated phage were 
prepared as described earlier. Enzyme assays (Malamy, 

10 M . H . and Horecker B.L., Biochemistry 3, pl893-1897^ 
(1964)) were carried out at 24*C in a final concentration 
of 1M Tris/HCl pH 8.0, ImM 4-nitrophenyl phosphate 
(Sigma), ImM MgC12. lOOpl of a two times concentrate of 
this reaction mixture was mixed with lOOpl of the test 

15 sample in a 96 well plate. Absorbance readings were 
taken every minute for 30 minutes at a wavelength of 
405nm in a Titretek Mk 2 plate reader. Initial reaction 
rates were calculated from the rate of change of 
absorbance using a molar absorbance of 17000 1/mol/cm. 

20 Standard curves ( amount of enzyme vs . rate of change 

of absorbance) were prepared using dilutions of purified 
bacterial alkaline phosphatase (Sigma type III) in lOmM 
Tris/HCl pH 8.0, ImM EDTA. The number of enzyme 
molecules in the phage samples were estimated from the 

25 actual rates of change of absorbance of the phage samples 
and comparison to this standard curve. 

The results in Table 3 show that alkaline 
phosphatase activity was detected in PEG precipitated 
material in the sample containing fd-phoAlal66 but not 

30 fd-CAT2. Furthermore, the level of activity was 
consistent with the expected number of 1-2 diraer 
molecules of enzyme per phage. The level of enzyme 
activity detected was not dependent on the host used for 
growth. In particular, fd-phoAlal66 grown on phoA minus 

35 hosts showed alkaline phosphatase activity. 

Therefore, the phage expressed active alkaline 
phosphatase enzyme, from the phoA-gene III fusion, on the 
phage surface. 
Example 13 

40 Inserti on of Binding Molecules into Alternative Sites in 
the Phage 

The availability of an alternative site in the phage 
for the insertion of binding molecules would open up the 
possibility of more easily expressing more than one 

45 binding molecule e.g. an antibody fragment in a single 
pAb. This may be used to generate single or multiple 
binding specificities. The presence of two distinct 
binding activities on a single molecule will greatly 
increase the utility and specificity of this molecule. 

50 It may be useful in the binding of viruses with a high 
mutational rate such as human immunodeficiency virus. In 
addition, it may be used to bring antigens into close 
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may ac~ as £ "molecular cic.T.c" ir. che.-ic^l , :r^unc.cc:cc. 
cr enzymatic processes. 

The vecror fc-tet and the derivatives described 
5 here, have a single BamKl sire in gene 2. This has 
previously been used fcr the expression c: peptide 
f raoments " on the surface cf filamentous bacteriophage 
(Smith G? . (19E5) Science 22S pl215-2217 and de la Cruz 
et al. ( 1988 ) J Biol. Chem. 262 p431S-4322). This 

20 provides a potential alternative site for the insertion 
of antibody fragments. 

DNA fragments encoding scFv's from D1.2 or NQ11 were 
oenerated by PCR using the primers shown below. These 
primers were designed to generate a fragment with BamKl 

25 sites near both the terminii, to enable cloning into the 
BamKl site of gene3 (see figure 16(1)). The 
olioonucleotides used, also ensure that the resulting PCR 
product lacks Pstl and Xhol restriction sites normally 
used for manipulating the scFv's (see figure 16(1)). 

20 This will facilitate subsequent manipulation of a second 
antibody fragment in the usual way at the N terminus of 
aene 3. The oligonucleotides used were:- 

G3Baml 5 ' TTT AAT GAG GAT CCA CAG GTG CAG CTG CAA GAG 3' 
G3Bam2 5 f AAC GAA TGG ATC CCG TTT GAT CTC AAG CTT 3 ' . 

25 Preparation of vector and PCR insert 

The PCR reaction was carried out in an 80 \il 
reaction as described in example 11 using lng/p.1 of 
template and 0.25U/pl of Taq polymerase and a cycle 
regime o$ 94 # C for 1 minute, 60 *C for 1 minute and 70 *C 

30 for 2 mihutes over 30 cycles. The template was either 
pscFvNQll (example 9) or scFvDl . 3 myc (example 2). 
Reaction products were extracted with phenol : chloroform, 
precipitated, dissolved in water and digested with BamHl 
according to manufacturers instructions . The digest was 

35 re-extracted with phenol: chloroform, precipitated and 
dissolved in water. 

The vector fdTPs/Xh was cleaved with BamHl and 
treated with calf intestinal phosphatase and purified as 
described in example 2. Ligations were set up at a 

40 vector concentration of approximately 6ng/pl and a PCR 
insert concentration of approximately 3ng/pl. These were 
ligated for 2.5 hburs at room temperature before 
transforming into competent TGI cells and plating on TV 
• tet plates* The resultant colonies were probed as 

45 described in example 8. DNA was prepared from a number 
of colonies and the correct orientation and insert size 
confirmed by restriction digestion with Hind III in 
isolation or in combination with BamHl* (One Hind, III 
site is contributed by one of the primers and the other 

50 by the vector ) * 

Two clones containing a Dl . 3 insert ( f dTBaml ) and 
fdTBam2) and one containing an NQ11 insert (NQllBaml) 
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we-e crown up and phage prepared as aescribec ea_— e . 
rrisAs we-e carried our as described in example o. Nc 
inec^ic signal was found for any cf These cones 
suoaesting that the natural BamKl site is not^e su^tap.e 
5 site for insertion of a functional antibooy < resu-ts no. 

shown )^ ^ possib ie to clone into alternative sites 

to retain binding activity. The peptide repeats present 
•in oene III mav provide such a site (figure 16 blocks ~ 
no and B). This "can be done by inserting a BamHl site anc 
Sing the PCR product described above. To facilitate 
-Vs the natural BamHl site was removed by mutagenesis 
with' the oliaonucleotide G3mut6Bam shown below (using an 
in vitro mutagenesis kit ( Amersham International)):- 
G3mut6Bam 5' CA AAC GAA TGG GTC CTC CTC ATT A 3' 
The underlined residue replaces an A residue, thereby 
removing the BamHl site. DNA was prepared from a number 
of clones and several mutants lacking BamHl sites 
identified bv restriction digestion. 
20 The oligonucleotide G3 Bamlink was designed to 

introduce a BamHl site at a number of possible sites 
within the peptide linker sites A and B, see figure 
16(2). The sequence of the linker is: ■ 

Bamlink 5 • CC ( G cr A) CC ACC CTC GGA TCC (G or A) CC ACC 

25 CTC 3 1 

Its relationship to the peptide repeats in gene III is 
shown in figure 16. 

Examole 14 ^» 
PCR Assemb ly of Mouse VH and VL Kappa (VLK) Repertoires 

30 for Phaoe Display ■ no1 . ! ., l< . 

The principle is illustrated in figure 17. Details 

are provided in sections A to F below but the broad 
outline is first discussed. . 
1 cDNA is prepared from spleen RNA from an appropriate 
"=5 " mouse and the VK and VLK repertories individually 
amplified. Separately, primers re * c «« 
complementary- to VH1F0R-2 (domain 1) and VLK2BACK 
(domain 2) 'are used to amplify an existing scFv- 
containing DNA by PCR. (The term FOR refers to e.g. 
40 a primer for amplification of sequences on the sense 

strand resulting in antisense coding sequences. The 
term BACK refers to e.g. a primer for amplification 
of sequences on the antisense strand resulting in 
sense codina seauences ) . This generates a 'linker 
45 molecule encoding the linker with the amino acid 

sequence (1 letter code) ( GGGGS ) 3 which overlaps the 
two primary (VH and VLK) PCR products. 
2. The separate amplified VH, VLK and linker sequences 
now have to be assembled into a continuous DNA 
50 molecule by use of an ' assembly' PCR. In the 

secondary 'assembly; PCR, the VH, VLK and linker 
bands are combined and assembled by virtue of the 
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above referred tc overlaps. This generates ^ an 
assembled DNA fragment that will cirect _ne 
expression of VK and one VLK domain. The s?e::::r 
VK/VLK combination is derived randomly from tne 
5 separate VH and VLK repertoires referred to aoove . 

The assembly PGR is carried out in two stages . 
Firstlv, 7 rounds of cycling with just the three bands 
present' in the PCR, followed by a further 20 rounds in 
the presence of the flanking primers VK15ACK (referring 
10 to domain 1 of VK) and VLKFOH- The nucleotide sequences 
f or -chese oligonucleotide primers are provided under tne 
section entitled 'Primer Sequences 1 below. This two 
stage process, avoids the potential problem of 
preferential amplification of the first combinations to 
15 be assembled. 

For cloning into the phage system, the assembled 
repertoires must be 1 tagged ' with the appropriate 
restriction sites. In the example provided below this is 
illustrated by providing an ApaLl restriction site at the 
20 VK end of the continuous DNA molecule and a Not 1 site at 
the VLK end of the molecule. This is carried out by a 
third stage PCR using tagged primers* The nucleotide 
sequences for these oligonucleotide primers are also 
provided under the section entitled 'Primer Sequences' 
25 below. There are however, 4 possible kappa light chain 
sequences (whereas a single consensus heavy chain 
sequence can be used). Therefore 4 oligonucleotide 
primer sequences are provided for VLK. 

For this third stage PCR, sets of primers which 
30 create the new restriction site and have a further 10 
nucleotides on the 5' side of the restriction site have 
been used . However , long tags may give better cutting , 
in which case 15-20 nucleotide overhangs could be used. 

Scrupulously clean procedures must be used at all 
25 times to avoid contamination during PCR. Negative 
controls containing no DNA must always be included to 
monitor for contamination. Gel boxes must be 
depurinated. A dedicated Geneclean kit (B10 101. 
Geneclean, La Jolla, San Diego, California, USA) can be 
40 used according to manufacturers instructions to extract 
DNA from an agarose gel. The beads, Nal and the NEW wash 
should be aliquoted.- 

All enzymes were obtained *rom CP Laboratories, P.O. 
Box 22, Bishop's Stortford, Herts CM20 3DH and the 
45 manufacturers recommended and supplied buffers were used 
unless otherwise stated . 
A. RNA Preparation 

RNA can be prepared using may procedures well known 
to those skilled in the art. As an example, the 
50 following protocol (Triton X-100 lysis, phenol/SDS RNase 
inactivation ) gives excellent results with spleen and 
hybridoma cells ( the addition of VRC ( veronal ribosyl 
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c^iex) as an RNase innibitcr is nesesse ; Z^-b^-U 
ceiis). Guar.idir.ium isothiccyanare/Cs.- o^e-u-e- 
"lelcing total cellular RNA) also give ccoc -es.-.s 

a-e mere time-consuming. . - = 

? nUest i "co 5 x 10 7 cells by centriruco ... a 

- nench tope centrifuge at EOOxg for 10 j^utes at 
4»C ResusDenc cently in DUiai or cole .-=S dl..s.. 
Centrifuge the cells again at 800xg for 10 routes 
a or- anc discard supernatant. 
9 Sn ice' add 1 ml ice-cold lysis buffer to the pellet 
and resuspend it with a 1ml Gilson pepette by Jtntly 
oeoetting up and down. Leave on ice xor 5 minuses. 
After lvsis, remove cell debris by centnruging at 
1300 rpm for 5 minutes in a microfuge at - C, ... 

15 precooled tubes. „,_ K _.. 0 

, transfer 0.5 ml of the supernatant to each 0^ —0 

4 ' ;ppendorfs containing 60ul 10% (w/v) SDS anc , 250 ul 

phenol (previously equilibrated with 100 mM T.is-HC. 

pS s!o). P Vortex hard for 2 minutes. 

(13000 rpm) for five minutes at room temperature. 
Transfer the upper, aqueous, phase to a fresh tube. 

5. Re-extract the aqueous upper phase five times with 

6. ^rLio^ate^th^l/lO volume 3M sodium acetate and 
2.5 volumes ethanol at 20 *C overnight or dry ice 
isooropanol for 30 minutes. , „_„ 

7. wish the RNA pellet and resuspended in 50 ul to 
check concentration by OD260 and check 2 on a 1% 
agarose gel. 40ug of RNA was obtained from spleen 

3Q cells derived from mice. 

Lvs«s buffer is [lOmM Tris-HCl pH 7.4, ImM MgC12 lSOmM 
NaCl 10mM VRC (New England Biolabs ) , 0.5% (w/v) Triton 

.5 ^l^^J^tl*** Tris-HCl P H 7.4, ImM M ? C1 2 
l50mM NaCl, lOmM VRC (New England Biolabs), 0.5% (w/v) 
Triton X-100] . prepared fresh. 

B. cDNA Preparation , , 

cDNA can be prepared using many procedures well 

40 known to those skilled in the art. As an example, the 
following protocol can be used: _ • 

1 Set up the following reverse transcription mix. 

Ml 

H 2 0 (DEPC- treated) 20 
45 ' 5mM dNTP X ° 
10 x first strand buffer 10 

O 1 M DTT 

FOR primer ( s ) (10 pmol/ul) 2 (each) (see below) 

RNasin (Promega; 40 U/ul) 4 

50 IT DEPC is diethylpyrocarbonate, the f unction of which 
is to inactivate any enzymes that could aegraae dna 
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J«.-o"is deoxvr.uciec-i=e -ripiiosshaze .... _^ 
=;--, s ci - h iothreitGi the function or wmcr. is «s 

"' wtioxidant ro creat, jhe recucmg enviroa»e... 
nerpccan* f sr enzvme rune"— wn. . . . - 

i... wm" - r s a ribonuciease inhibitor o^amec rrcr. 
' ?"ae« Ccroora-ior.. 2S00 Woods Hciiow 

, St?i?riO™Si n xo U % ,1 fi-i volume with DEFC- 
--eated water. Hear at 65'C for 3 minutes ar.c ncic 
Ice for one minute (:c remove secondary 

3 S5d U ro U rhe*RNA the reverse transcription mix (56 »1) 
and 4 ui of The cloned reverse transcriptase 'Super 
S° (Andian Biotech Ltd., Whitehall House. 
Whitehall Road. Colchester. Essex) ana incubate 
42'C for one hour. - - - - , . . _ . 

4 Boil the reaction mix for three minutes, cool on ice 
"o- one minute and then spin m a microfuge to 
Pellet debris. Transfer the supernatant to a new 

lo^x'first strand buffer is ■ [ 1 . 4M KC1 . 0.5M Tris-HCl 

tip E 1 at 42'C 80mM MgCl^] • ^ . 

ThJ o'imers anneal to the 3' end. Examples of kappa 
-c-t cna^n primers are KJK1F0NX. KJK2FONX. MJK4FONX ana 
£&FoSx (provided under 'Primer Sequences belov, 0 ^and 
examoles of heavy chain primers are KIGol 2 (CTG GAC AG- 
GAT CCA GAG TTC CA ) and KIGG2 (CTG GAC AG« G„T CCA TAG 
TTC CA) which anneal to CK1 . _ , - 

Alternatively, any primer that binds to the 3 end 
cf the variable regions VK . VLK. VL. or to the constant 
regions CK1 , CK or CL can be usee. 

C '" gor ma e7cr PC pC R and negative control, the following 
reactions are set up (e.g. one reaction for each of th 
four VLKs and four VK PCRs ) . In the rollowing the Ven. 
DNA polymerase sold by (CP. Laboratories Ltd (New 
Enaland Biolabs) address giver, above) was used. The 
buffers are as Drovidec by C.r. laboratories. 

10 x Vent buffer 5 
20 x Vent ESA - - \ 

5mM dNTPs * • \ 

FOR primer 10 pmol/ul ) 2 • \ 
BACK* primer 10pmol/vil 2 . 5 

The FOR and BACK primers are given in the f5«ion *«low 
entitled 'Primer Sequences'. For VH tne JO *P r «£ r ^ 
VK1FOR-2 and the BACK primer is VK1BACK. For ^LK the FOR 
orimers are MJK1FONX. MJK2F0NX. MJK4FONX and "f£ 5F £J!£ 
(for the four respective kappa light chains) and the BACK 
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Cramer -Z VK2BAC::. Only ens .<£=?£ - = f; 2 j-.; ?ll 

p-itner is necessary, oecause rir.cir.c - s ~ = c 5 ~ 

"secuence common to tne :our kappa 1-9"-. ^^V 3 

UV tr - s kij: 5 r.inuies . Acc - - r u_ — ,rsr -- : = ^" ~" 

(from E above), 2 crops paraffin oil ( S ignis Ine— 
Poole. Dorse-. UK). Place or. a cj-ciin: nea::r.;__:..->.. 
e c =KC-2 manufactured by Tecnne Ltc . Duxrc.c u.-.. .-e- 
se I." __ 94 -c. Add iui Ven: DNA polymerase uncer zr.e 
oaraffin. Amolify using 25 cycles of 94'C 1 mir.. .2*3 - 

mm. ?osz-irect at 60 *C for 5 mm. 

Purify on a 2% Imp (low melting F°-"" agarose. . 
( — ^"-acetate EDTA )ael and extraci tne DNA re 20 ul H 2 C 
per" original PCR using a Geneclean kit (jsee earlier: -~ 
accordance with rhe manufacturers instructions. 
D . Preparation of linker 
Set uo in Duik (e.g. 10 times j 

■--*-■- - - - - — ul^ ■■ ■ - - - 

n 34.2.. 
10 x Vent buffer 3 
20 x Vent ESA 2 . = 

5mM dNTPs J _ 

LINKFOR primer 10 pmol/ul) - - f 

LINK3ACK primer 10pmol/ui 2 - 3 
DNA from fcFv Dl . 2 ( example 2 ) 1 
Vent enzyme °- 2 

The FOR and BACK primers are given in the section below 
enf tied ' Primer Secuences ' . The FOR primer is LINKFOR 
and the BACK primer is LINKBACK. Cover with paraffin and 
place on the eveimg heating block (see above) af 94 C ; 
Amdifv usmc 25 eveies of 94 'C 1 min. 65 «C 1 mm. /- C - 
ram. Post-treat at 60'C for 5 rain. 

Pu-- fv on 2% Imo/TAE gel (using a loading aye 
without bromoonenoi blue as a 93bp fragment is aesired) 
and eiute witr. SPIN-X column ( Costar Limiteo . ^-Oc 
Broadway. Cambridge. Ma . USA.,) and precipitation. *ake 
up in 5* ul K 2 0 per PCR reaction. 
E. A ssembly PCRs 

A quarter c: each PCR reaction proauct ( ou- ) x- 

used for eacn assemoiv. The total volume is 25ul. 

For eacn cf tne 'four VLK primers, the following are 
set up: 

mO 1" 
10 x Vent buffer 2.5 
20 x Vent HSA 1.2= 
5mM dNTPs 0.3 

UV '-radiata tr.is mi:-: fcr 5 min. Add 5ui eacn cf Vh an= 
VK banc fr=m tne "imar/ PCRs and 1.5 ul c= - inKe: "?: 
isolated from tne oreoarative gels and extractec usm- 
zne Geneclean kit as described ir. C and D aoove. -ove 
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witr. oarairir.. rlace cr. me eye " 7../ usir.r 

94*c. Ace lul ver.~ ur.ee: "a _-e ^ ^"'"^V,: --i 

^erature = t= S^= ; _ VH , SJ , CK £r , - ne appropriate VKFCF 

™»erV WKlrONX. KJK2FONX. MJWFONX cr «K= ^ 

— ~n 1 / U-L :c-V-tw. iU * ^ - 

— W^w*-— — - 

cr* 2% Irr.p/TAE ce: anc ex„ac_ Wl _._-_.*__ 



— O 1 / LI 1 : & - - ~" — ' ' 

-rea.ee as aoove - ^? US **1'.^.^ = o,.-- - 

min. 72-C 2.5 Rir. 



?osi--reat a: 60*C fcr 5 ir.in. Punry 



Cn ^nw"^ Js^r- a Geneciean kir (see earlier 
tSSSrdance with me manufacturers ..structicns - 
- Adcine Restriction Sires 
For eacn assembly ana cor.-roi set up: 



H->0 

1 5 >: Tac cur :er ;? 

5mM dNTPs _ ; 

FOR crimer CIO pmci/ui) 
3ACK" primer (10 pmol/ul ) - 
Assembly product 



ui 

36.5 



-h* -OR and SACK = rimers are given in the section below 
e?---lec ? Prfmer Secuences ' . The FOR primer is any or 
SkInOtJo. JK2NCT1C. " JK4NOT10 cr JK5NOT10 ( £ or the ou 
Tsoective kaooe light chains) for P««J"9 » m "°I S 
-Jf°J~— on sl - e £ - tne VLK end. The BACK primer is 
kSk^PaIo" fcr putting an ApaLl restriction site at the VH 

-n end * Cove- v.--. oaraffin and place on the cycling Seating 

j0 Cove. v. ^a.fi Cetus Tad' DNA 

block oreset a: 9- Aac w M , . . . n ,,_>, c nK \ 

aolvmerase ( Cetus/ perKin-Elmer . Beaconsf lelc Bucks UK) 

- Amn 1 ' fication is carried oux using 
^% f ? rSunds" =f cycling (depends on efficiency) at 
25 94-C :.mm. 55*2 1 mir.. 72'Z 2 min. Post-treat a. 60 „ 

~ Cr Tag buffer is [0.1M Tris-HCl pH 8.3 at 25'C. 

C . 5M KC1 . 15nv M . !*cCl- , Img/nl gelatin j - 

. n ^ p°"l" F c ^ e wl - r . CHC1,/IAA ( isoamylalcohol ) . once 

40 , c '— e , _ K run,/iAA and back-extract 

with phenol. cr.ee w ;;;\ 2 ' * AA Pre ci D itate and 

everything to ensure minimal losses. rret . 
wdso' iw.ee ir. 70% EtCK. Dissolve in 70ul H 2 0. 
Digest overmcht at 27'C with Not.: 
,- DNA (joined seq ) /u 

NE3 NotI nuffer x 10 10 
NEB ESA x 10 10 
Notl ( 10 U/Ul ) 10 ... 

The DNA , : cmed sequence, ^ove refers to the assemoleo 
50 DNA seouence comprising m tne = to - c - rec " * 
ApaLl restriction site 
VH seauence 
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Linker sequence 
VLK sequence 

No: 1 resiricTicr. site - _ . - 

The VLK sequence may be any one c i z cur ccs^.c--= 
kappa chain sequences. . . 

The enrvmes Not 1 aoove . ApaLI below anc tne currer^ 
N" Not 1 NEE BSA accve and tne NE3 buffer 4 « ^icw •■ are 
obtainable from CP LaDcratcnes. New England Eiolacs 
mentioned above. ^ ^ . . 

Re-precipitate, take up in oOu- ^2° - ~ c 
i Oul NE5 buffer 4 and lOul Apal 1. 

Add tne enzyme ApaLI in aliquots throughout the cay. 
as it has a short half-life at 37*C. 

Purify on 2% Imp/TAE gel and extract the DNA using a 
Geneclean " kit, in accordance with the manufacturers 
instructions. . Redigest if desired. 
H . Final DNA product 

The final DNA croduct is an approximate 700 bp 

fraoment with Apa LI and Notl compatible ends consisting 
C f "randomlv associated heavy and light chain sequences 
linked bv a linker. A typical molecule of this type is 
the scFvDl . 3 molecule incorporated into f dscFvDl . 3 
described in example 3. These molecules can then ^be 
liaated into suitable fd derived vectors, e.g. fdCAT2 
( example 5 ) , using standard techniques . 
Primer sequences 

Primarv PCR oligcs (restrictions sites underlined): 
VH1F0R-2 TGA GGA GAC GGT GAC C GT GGT CCC TTG GCC CC 
AGG TSM ARC TGC AGS AGT CWG G 
CCG TTT GAT TTC CAG CTT GGT GCC 



VH1BACK 
MJK1FONX 
MJK2FONX 
MJK4FONX 
MJK5FONX 
VK2BACK 

Ambiguity codes 
W = A or T 

PCR olioos to make linker: 

LINKFOR - TGG AGA CTC GGT GAG CTC AAT GTC 
LINKBACK GGG ACC ACG GTC ACC GTC TCC TCA 



CCG TTT TAT TTC CAG CTT GGT CCC 
CCG TTT TAT TTC CAA CTT TGT CCC 
CCG TTT CAG CTC CAG CTT GGT CCC 
GAC ATT GAG CTC ACC CAG TCT CCA 
M = A cr C. R = A or G 



S = G cr C. 



For adding 
HBKAPA10 


res 
CAT 


trie 
GAC 


t ion 
CAC 


sites : 
AGT GCA 


CAG 


GTS 


MAR 


CTG 


CAG 


SAG 


TCW 


JKINOT10 


GG 
GAG 


TCA 


TTC 


TGC 


0*+ ***** 


CGC 


CCo 


TTT 


GAT 


^^c 


CAG 


CTT 


JK2NOT10 


GGT 
GAG 


GCC 
TCA ' 






GGC 


CGC 


CCG 


• • * 


in. 




CAG 


CTT 


JK4NOT10 


GoT 
^» * 


CCC 
TCA 


1 . w 


TGC 


GGs_ 


CG\_ 


/-»<->«— 


mpt ****** 


TAT 




« m 


CTT 


JK5NOT10 


TGT 
GAG 


CCC 
TCA 




TGC 


GGC 


CGC 






CAG 


A- - ** 


CAG 




Examole 1 : 


GwT 


CCC 
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Insert ior. cf ~ne Extracellular Denair. cf = " fj^- 

fcr Vle-eie-: Derivec Growtr. Factcr < ?DG~ ' sc: = -- : — = =_ 



Foene fracmer.t encoding t.ne extracellular csiaair^ci 
■che human receptcr :cr platelet derivec _IZTZZ' 
- sofcrrr-. EE- (h-FDGFE-R) was isoiazec by am---.-.-* ------ 

usmc the Doivmerase chair, reaction, °: , ?-"•••-= -j--. 

(from the * American Type Culture c:i:ec:_::r. 

No. 50725), a cDNA clone encoding amino-ecics ^. c : 

^0 -he 3 DG"-E reces-cr (Gronwalc. .-. . G . K . et — a_ - N-S t_ 

=34^-3439 (1986)). Air.^no acids 1 to -2 ci h-?Dwr=-.-. 
constitute the signal peptide. The oliconuciectioe 
primers were designed to amplify the region cr .he h- 
?DG~5-H oene corresponding to amino a cids _ 43 ~ c =jl cr 
the* encoded orotein. The primer RPDG.-3 fcr the N- 
-ensinai reaion also included bases encoding amino acics 
•=3 to 42 of the h- PDGF5-R protein (corresponding to the 
ten amino acids f rom the N- terminus of the mature 
--ote-n) to enable exoression of the complete 
2C extracellular domain. The primers also incorporate e 
ur/aU e ADaLl site at the N-terminal end of the rragment 
and' a unioue Xhci site at the C terminal end to 
facilitate cloning into the vector fdCAT2. The sequence 
of the primers is: 

2 = RPDGF2 5' CAC AGT GCA CTG GTC GTC ACA CCC CCG GGG CCA GAG 

C~~ GTC CTC AAT GTC TCC AGC ACC TTC GTT CTG 3 
RPDGF2 5' GAT CTC GAG CTT AAA GGG CAA GGA GTG TGG CAC 3 ' 
PCR amoiif ication was performed using high fidelity 
30 conditions ( Eckert . K.A. and Kunkel. T.A. 1990 Nucl Acids 
Research 18 3739-3744 ) . The PCR mixture contained i • 20mM 
isHCl (pK7.3 at 70* C, 50mM KC1 . 4mM magnesium chlonoe, 
6" 01% aelatm. lmM each of dATP. dCTP, dGTP and dTTP. 
500ng/ml RP41 DNA. iu. M . each primer and 50 units/ml Taq 
-= polymerase ( Cetus /Perkm Elmer. Beaconsf ield , Bucks. 
UK) Th-rtv cvcles of PCR were performed with 

denaturation'at" 92 'Z for 1 min. annealing at 60'C for 
imin and extension at 72 'C for 1.5 min. This reaction 
resulted in amplification of a fragment of ca. ISOObp as 

40 eXpeC r ^cAT2 vector DNA (see examole 5) was digested with 
ApaLl and Xhoi -( New England Biolabs ) according to 
manufacturers recommendations, extracted «tn 
phenol /chloroform and ethanol precipitated ( Sambrook et 

45 al supra). Cloning of amplified RP41 DNA into this 
vector and identification of the desired clones was 
performed essentially as in example 7 except that 
dioestion of the PCR oroduct was with ApaLl and xno 
Colonies containing h-PDGFB-R DNA were identi-ieo_ by 

50 probing with 32o labelled RPDGF2 and the presence or an 
-nse-t in nvb"r idising colonies was con=irmeo Dy 
analytical ?C=. usino RPDGF3 and RPDGF2 using tne 
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conditions described in exa-pie 7 . 

Exa mple 16 . 
Bindinc of 125I-PDGF-BB ta the -x— acellu-ar -o^:r.^. 
= tne Human Receozcr for Platel et Danvec — ra„- = - 

isoform SB Displayed on tne Surr ace cr = = ----.ace . 

Measured usinc an inununoorecioita-ion Assay. 
~ Phage parncies , expressing tne exrraceliuiar cc~air. 
c- the human platelet derived growth facrcr iscicrrr. 5= 
i0 receptor ( f d h-?DGF5-R). were prepared by crowing -.coil 
MC1061 cells transformed with fd h-PDGFE-R in 50m_ or 
2xTY medium with 15ug/ml tetracycline for 16 to 20 hours, 
chaae particles were concentrated using polyethylene 
Glycol as described in example 6 and resuspended in PDGF 
■ v*~ --binding buffer ( 25mM HEPES, pH7 ... 4 ... o.l5mM NaCl . ImM . 
magnesium chloride. 0.25% BSA ) to l/33rd of the original 
volume. Residual bacteria and undissolved material were 
removed bv spinning for 2 min in a mocrocentriruge . 
Immunoblots usino an antiserum raised against gene II- 
20 protein (Prof. i. Rashed, Konstanz. Germany) show the 
presence in such phage preparations of a genelll -h-PDGFB- 
R protein of molecular mass 125000 corresponding to a 
fusion between h-PDGFB-R external domain (55000 daltons ) 
and- genelll (apparent molecular mass 70000 on SDS- 
25 polyacrylamide gel ) . 

Duplicate samples of 35ul concentrated phage were 
incubated with 125 I-PDGF-BB (78.7fmol. 70nCi. 882Ci/nunol; 
Amersham International pic, Amersham, Bucks) for 3, hour 
at 37 *C. Controls were included in which fdTPs/Bs vector 
30 phaae ( f iaure 4) or no phage replaced fd h-BDGFB-R phage. 
After this incubation, lOul of sheep anti-Ml3 polyclonal 
antiserum (a cift from M. Hobart ) was added and 
incubation continued for 30 min at 20*C. To each sample. 
40ul ( 20ul packed volume ) of protein G Sepharose Fast 
Flow (Pharmacia, Milton Keynes) equilibrated in PDGF 
binding buffer was added. Incubation was continued for 
30 min at 20 "C with mixing by end over end inversion on a 
rotating mixer . The affinity matrix was spun down in a 
microcentrifuae for 2 min and the supernatant removed by 
aspiration. " Noh- specif ically bound I^.pdgjt-bb was 
removed bv resusnension of the pellet in 0.5ml PDGF 
binding buffer." mixing by rotation for 5 mm, 
centrif ugation and aspiration of the supernatant 
followed bv two further washes with 0.5ml 0.1% BSA, 0.2% 
45 Triton-X-100. The pellet finally obtaineo was 
resuspended in lOOul PDGF binding buffer and counted m a 
Packard gamma counter. For displacement studies, 
unlabelled PDGF-BB (Amersham International) wa 5 2 1, a«r--° 
the stated concentration for the incubation or I-.DGr- 

50 BB with ohaae. . 

i--i-o D GF-S3 bound to the fd h- PDGF3-R pnage ana was 
immunoorecioitated in this assay. Specific binaing to 
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receotcr pnace was .2.5 to 4 ::^.es r.icner :r.zr. me r.m- 
specific ::r.c:r.: vec::r pnace_ ;d:?s;5s^:r " cr.2?r 

cispiacec by :?.e ir.riusior. cf ur.iabeliec^ ^F2GF- = =^ " r r -..^*J e 

3 incuoat:or. wim pnage a" 27*C (rig. . • - ^- - ~ — • - 

uniaDeliec ?DGF -55 me binding of r I - ?DGr - == was 
reduced to me same level as me fdTPs/Bs ar.c r.c pnage 
conrroi . Ficure 21 snows me same caia . cut wi tr. me 
non-specific binding to vector deducted . 

- q These results indicate that a specific saturable 

site for I -PDGF-3E is expressed on f d pnage containing 

cloned h-?DGF5-E SNA. Thus, the pnage can display me 
functional extracellular domain of a ceil surface 
receptor . 

15 Example 17 . Construction cf Phaaemid Containing Gene 1 1 - 
fused witr. tne Cocmc Sequence for a Bindinc Molecule 

It would De useful to improve tne trans feet icn 
efficiency cf tne " phage- binding molecule system and also 
to have the possibility cf displaying different numbers 

20 and specificities cf binding molecules on tne surface or 
the same bactericpnage . The applicants have devised a 
method that achieves both aims . 

The approach is derived from the phagemid system 
based on oUC119 [Vieira, J and Messing, J. (1987) Methods 

25 Enzymol. " 152:2]. In brief, gene III from fd-CAT2 
(example 5) and gene III scFv fusion from fd-CAT2 scFv 
D1.3 (example 2) were cloned downstream of the lac 
promoter in separate samples of pUC119, in order -that The 
inserted gene III and gene III fusion could be 1 rescued * 

30 by- M13M07* helper pnage [Vieira , J and Messing , J . et 
supra.] prepared according to Sambroott et al : 1989 
supra . The maicr: ty o f rescued phage would be expected 
to* contain a genome derived from the pUC119 plasmid that 
contains the binding molecule-gene III fusion and should 

2 5 express varying numoers of the binding molecule on the 
surface up t: tne normai maximum of 3-5 molecules of gene 
III of tne surface of wild type phage - The system has 
been exemplified below using an antibody as the binding 
molecule . 

40 An fdCA72 containing the single chain Fv form of The 

Dl . 3 antilyscrvme antibody was formed by digesting 
fdTscFvD1.3 (example 2) with" Pstl and Xhol. purifying the 
fragment cmmminc the scFv f racrment and ligating this 
into Pstl and Xho'l digested fdCAT2. The appropriate 

4 5 clone, called fdCAT2 scFvD1.3 was selected after plating 

onto 2xTY tetracycline ( 15yg/ml ) and confirmed by 
restriction enzyme and sequence analysis . 

Gene III from f d-CAT2 i example 5 ) and the gene III 
scFv fusion from fd-CAT2 scFvD1.3 was PCR-ampiif ied using 
50 the orimers A and 3 snown below: 

Primer A: 7GC GAA CC7 TTG GAG CCT TTT TTT TTG GAG ATT TTC 
AAC G 
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TG7 TAG Z 

Primer A anneals to the 5' enc cf gene 111 ir.ciuim; 
rhe ribosome binding sue is iccarec and ir.ccrpcrates a 
Hind III sire. Primer 5 anneals re tne 3' end cf cene 
t-t e - rhe c-ierr.ir.u5 and incorporates tvc UAA srcr 
codons and an EcoRi sire. 100 ng cf fd-CAT2 and fc-ZATZ 
scFv D1.3 DKA was used as templates for ?CR-amplif leaner, 
in a total reacricr. volume of 50ul as described ir. 
example 7 , except mat 20 cycles cf amplification were 
performed:' 94 *C "l minute . 50 *C 1 minuxe. 72 'C 2 minutes. 
This resulted in amplification of rhe expected 1 . 2Kb 
fraoment from fd-CAT2 and a 1.8Kb fragment from fd-CAT2 
scFv Dl . 3 . 

The PGR fragments were digested wirh EcoRl and Hmd 
III, ael-purified and ligared inro Eco-Rl- and Hind Ill- 
cut and dephosphorylared pUC119 DNA and transformed into 
E.coli TGI using srandard techniques ( Sambrook et al . , et 
supra ) . Transformed cells were plated on SOB agar 
(Sambrook et al . 1989 supra) containing lOOyg/ml 
ampicillin and 2% glucose. The resulting clones were 
called pCAT-3 (derived from f d-CAT2 ) and pCAT-3 scFv D1.3 
(derived from f Q-CAT2 scFv Dl . 3 ) . 

Example 18. Rescue cf Anti-Lysotvme Antibody Specificity 

5 from PCAT-3 scFv D1.3 sv M13K07 

Single pCAT-3 and - pCAT-3 scFv Dl . 3 colonies were 
picked inro 1.5ml 2TY containing lOOpg/ml ampicillin and 
2% glucose, and grown 6 hrs at 30*C. 30ul of these 
stationary cells were added to 6mls 2YT containing 

0 lOOpg/ml ampicillin and 2% glucose in 50ml polypropylene 
tubes (Falcon, Becton Dickinson Labware, 1950 Williams 
Drive, Oxnard, CA. USA) and grown for 1.5 hrs at 30 * C at 
380rpm in a New Brunswick Orbital Shaker (New Brunswick 
Scientific Ltd., Edison House 163 Dixons Hill road. North 

5 Mimms , Hatfield, UK). Cells were pelleted by 
centrif ugation at 5 , OOOg for 25 minutes and rhe rubes 
drained on tissue paper . The cell pellers were * then 
suspended in 6xnls 2TY containing 1.25x10^ p.f.u. ml"^ 
M13K07 bacteriophage added. The mixrure was lefr on ice 

0 for 5 minutes followed by growrh ar 35 *C for 45 minutes 
ar 450rpm. A cockrail was rhen added conraining 4ul 
lOOpg/ml ampicillin, 0.5ul C . Irt IPTG and 50ul iOmg/ml 
kanamycin, and rhe cultures grown overnight at 35 *C, 
450rpm. 

5 The following day the cultures were centrifuged and 

phage particles PEG precipitated as described in example 
6. Phage pellers were resuspended in lOOul TE (tris-EDTA 
see example 6). and pnage titred on E.coli TGI. Aliquot s 
of infected ceils were plated on 2TY containing either 
0 lOOyg/mi ampicillin to select for pUC119 phage particles, 
or 50ug/ml kanamycir. to select for the M13 K07 helper 
pnaae . Plates were mcupared overnight at 37 *C and 
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antibiotic-resistant colonies counted: ^ 
DNA amp R kar. K 

pCAT-3 l.SxlO 11 colonies I . 2x10- colonies 

pCAT-3scFv D1.2 2.4xiO ii colonies 2.0xI0 ? colonies 

5 This shows that the amp^ phagemid particles are 

infective and present in the rescued phage population at 
a 100- fold excess over kan n M13KC7 helper pnage . 

Phage were assayed for anti-lysczyme activity by 
ELISA as described in example 6, with the following 
10 modifications: 

1 ) ELISA plates were blocked for 3 hrs with 2% 
Marcel/PBS . 

2) 50pl phage, 400ui lxPBS and SOpl 20% Marvel were 
mixed end over end for 20 minutes at room temperature 

15 before adding lSOpl per well. 

3) Phage were left to bind for 2 hours at room 
temperature • 

4 ) All washes post phage binding were: 
2 quick rinses PBS/0.5% Tween 20 

20 3x2 minute washes PBS/0.5% Tween 20 

2 quick rinses PBS no detergent 
3x2 minute washes PBS no detergent 

The result of this ELISA is shown in figure 22, 
which shows that the antibody specificity can indeed be 

25 rescued efficiently. 

It is considered a truism of bacterial genetics that 
when mutant and wild- type proteins are co-expressed in 
the same cell, the wild- type proteins are co-expressed in 
same cell, the wild- type protein is used preferentially. 

30 This is analogous to the above situation wherein mutant 
(i.e. antibody fusion) and wild-type gene III proteins 
(from M13K07 ) are competing for assembly as part of the 
pUC119 phagemid particle. It is therefore envisaged that 
the majority of the resulting pUC 119 phage particles 

35 will have fewer gene III -antibody fusion molecules on 
their surface than is the case for purely phage system 
described for instance in example 2. Such phagemid 
antibodies are therefore likely to bind antigen with a 
lower avidity than fd phage antibodies with three or more 

40 copies of the antibody fusion on their surfaces (there is 
no wild -type gene III, in the system described, for 
instance, in example 2), and provide a route to 
production of phage particles with difrerent numbers of 
the same binding molecule ( and hence different acidities 

45 for the ligand/antigen ) or multiple different binding 
specificities on their surface, by using helper phage 
such as M13K07 to rescue cells expressing two or more 
gene Ill-antibody fusions. 

It is also possible to derive helper phage that do 

50 not encode a functional gene III in their genomes (by for 
example deleting the gene III sequence or a portion of it 
or by incorporating an amber mutation within the gene ) . 



" - WO 92/0 1 047 PCT' C B<M / 0 1 1 3-* 



These defective phages will only grow cr. appropriate 
cells (for example that provide functional gene III -r. 
trans, or contain an amber supressor gene), but when used 
to rescue phage antibodies, will only incorporate the 
5 aene III antibody fusion encoded by the phagemic into the 
released phaae particle. 

Example 19." Transformation Efficiency of pCAT-3 and 
pCAT-3 scFv D1.3 phaoemids 

^\JC 19^ pCAT-3 and pCAT-3 scFv D1.3 plasric ONAs . 

10 and fdCAT-2 phage DNA was prepared, and used to transform 
E.coli TGI, pCAT-3 and pCAT-3 scFv D1.3 transformations 
were "plated on SOB agar containing lOOpg/ml ampicillin 
and 2% glucose, and incubated overnight at 30 *C. fdCAT-2 
transformations were plated on TY agar containing 15pg/ml 

15 retra eye line and incubated overnight at 37 °C. 
Transformation efficiencies are expressed as colonies per 
pg of input DNA. 

DNA Transformation efficiency 

20 pUC 19 l-10p 

pCAT-3 1*10° 

pCAT-3scFv D1.3 1.10° 

fd CAT-2 8.10* 

As expected, transformation of the phagemid vector 
25 is approximately 100-fold more efficient that the 

parental fdCAT-2 vector. Furthermore, the presence of a 

scFv antibody fragment does not compromise efficiency. 

This improvement in transformation efficiency is 

practically useful in the generation of phage antibodies 
30 libraries that have large repertoires of different 

binding specificities. 

Example 20 

PCR Assembly of a Sinole Chain Fv Library from an 
Immunised Mouse 

25 To demonstrate the utility of phage for the selection of 
antibodies from repertoires, the first requirement is to 
be able to prepare a diverse, representative library of 
the antibody repertoire of an animal and display this 
repertoire on the surface of bacteriophage fd. 

40 Cytoplasmic RNA was isolated according to example 14 

from the pooled spleens of five male Balb/c mice boosted 
8 weeks after primary immunisation with 2-phenyl-5- 
oxazolone ( ph OX) coupled to chicken serum albumin. cDNA 
preparation and PCR assembly of the mouse VH and VL kappa 

45 repertoires for phage display was as described in example 
14. The molecules thus obtained were ligated into 
fdCAT2. 

Vector fdCAT2 was extensively digested with Notl and 
ApaLl . , purified by electroelut^on (Sambrook et al.a989 
50 supra) and 1 jag ligated to 0.5 pg (5 pg for the 
hierarchial libraries: see example 22) of the assembled 
scFv genes in 1 ml with 8000 units T4 DNA ligase ( New 
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^ncland Biolabs ) . The ligation was carriec cut cverr.:,r.: 
ar'l6 # C. Purified ligation r.ix was eiectrcccratec :r. s->. 
aliouots into MC1061 cells (W. J. Dower, Z. F. K~--»; e - * 
C. W. Raosdale Nucleic Acids Res. lo oU/-c:4: -95E , ar.~ 
plated on K2Y medium (Sambrook et al . 196? surra) w -;-~- 
15pg/ml tetracycline, in 243x243 mm dishes (Nunc): 90-9 3% 
of clones contained scFv genes by FCR screening. 
Recombinant colonies were screened by PCR (conditions as 
in example 7 using primers VH1BACK and MJKlrONX. 

•*0 M JK2F0NX * KJK4FONX and MJK5FONX (see example 14) followed 
bv digestion with the frequent cutting enzyme EstNl (New 
England Biolabs, used according to the manufacturers 
instructions). The library of 2xl0 5 clones appeared 
diverse as judged by the variety of digestion patterns 

1= seen in Figure 23, and sequencing revealed the presence 
of most VK groups (R- Dildrop, Immunol- Today 5 85-86. 
---- 1984) and VK suboroups (Kabat. . E.A. et al . 1987 supra) 
(data not shown)." None of the 568 clones ' tested bound to 
phOx as detected by ELISA as in example 9. 

20 Thus the ability to select antibody provided by the 

use of phaoe antibodies (as in example 21) is essential 
to readily isolate antibodies with antigen binding 
activity from randomly combined VH and VL domains. Very 
extensive screening would be required to isolate antigen- 

25 binding fragments if the random combinatorial approach of 
Huse et al. 19 89 (supra) were used. 
Example 21 

Selection 'of Antibodies Specific for 2-phenvl-5-o xazolone 
f rom a Repertoire Derived from an Immunised Mouse 
30 " The library prepared in example 20 was used to 
demonstrate that ability of the phage system to select 
antibodies on the basis of their antibody specificity. 

None of the 568 clones tested from the unselected 
library bound to phOx as detected by ELISA. 
35 Screening for binding of the phage to hapten was 

carried out by ELISA: 96-well plates were coated with 10 
pg/ml phOx-ESA or 10 pg/ml BSA in phosphate-buffered 
saline (PBS) overnight at room temperature. Colonies of 
phage-transduced bacteria were inoculated into 200 pi 2 x 
40 TY with 12.5 pg/ml tetracycline in 96-well plates ('cell 
wells • # Nuclon) and grown with shaking (300 rpm) for 24 
hours at 37 *C. At this stage cultures were saturated and 
phage titres were reproducible ( 10 10 TU/ml ) . 50 pi phage 
supernatant, mixed with 50 pi PBS containing 4% skimmed 
45 milk powder, was then added to the coated plates. 
Further details as in example 9. 

The library cf phages was passed down a pnox 
affinity column (Table 4A), and eluted with hapten. 
Colonies from the library prepared in example 22 were 
scraoed into 50ml 2 x TY medium- 3 ' and shaken at 37 C tor 



50 scraped into 50ml 

30 min. Liberal. — r 3 - * * <ir\±z tit 

polyethylene glycol and resuspended to io iu 



30 min. Liberared phage were precipitated twice^ warn 
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( Transducing units ) /ml in water ( titrec as in example S . 
For affiniry selection, a 1 nil column cf phOx-ES.-.- 
Sepharose (0~. Makela, M. Kaartinen, J. L.T. Pelonen and K . 
Karjalainen J. Exp. Med. 148 1644-1660, 1976) was washed 
5 with 300 ml phosphate-buffered saline (PBS), and 20 mi 
PBS containing 2% skimmed milk powder ( MPBS ) - 10** Z'J 
ohaae were loaded in 10 ml MPBS , washed with 10 mi MPES 
and" finally 200 ml PBS. The bound phage were eluted with 
5 ml 1 mM 4-€ -amino- caproic acid methylene 2-phenyl- 

10 oxazol-5-one (phOx-CAP; 6. Makela et al. 1976, supra). 
About 10 6 TU eluted phage were amplified by infecting 1 
ml log phase E . coli TGI and plating as above . For a 
further round of selection, colonies were scraped into 10 
ml 2 x TY medium and then processed as above. Of the 

15 eluted clones, 13% were found to bind to phOx after the 
first round selection, and ranged from poor to strong 
binding in ELISA. 

To sequence clones, template DNA was prepared from 
the supernatants of 10 ml cultures grown for 24 hours, 

20 and sequenced using the dideoxy method and a Sequenase 
kit (USB), with primer LINKFOR (see example 14) for the 
VH genes and primer fdSEQl ( 5 ' -GAA TTT TCT GTA TGA GG ) 
for the Vk genes. Twenty- three of these hapten-binding 
clones were sequenced and eight different VH genes (A to 

25 H ) were found in a variety of pairings with seven 
different Vk genes (a to g) (Fig* 24). Most of the 
domains, such as VH-B and Vk-d were promiscuous 1 , able 
to bind hapten with any of several partners. 

The sequences of the V -genes were related to those 

30 seen in the secondary response to phOx, but 'with 
differences (Fig. 24). Thus phOx hybridomas from the 
secondary response employ somatically mutated derivatives 
of three types of Vk genes - Vkoxl. • Vkox-like' and 
Vk45.1 genes (C. Berek, G. M. Griffiths & C. Milstein 

35 Nature 316 412-418 (1985). These can pair with VH genes 
from several groups, from Vkoxl more commonly pairs with 
the VHoxl gene ( VH group 2. R.Dildrop uupra ) . Vkoxl 
genes are always, and Vkox-like genes often, found in 
association with heavy chains (including VHoxl) and 

40 contain a short five residue CDR3 , with the sequence 
motif Asp-X-Gly-X-X in which the central glycine is 
needed to create a cavity for phOx. In the random 
combinatorial library however, nearly all of the VH genes 
belonged to group 1, and most of the Vk genes were ox- 

45. like and associated with VH domains with a five residue 
CDR3, motif Asp/Asn-X-Gly-X-X (Fig. 24). Vkoxl and VHoxl 
were found only once (Vk-f and VH-E), and not in 
combination with each other. Indeed Vk-f lacks the Trp91 
involved in phOx binding and was paired with a VH (VH-C) 

50 with a six residue CDR3. 

A matrix combination of VH and VK genes was 
identified in phOx-binding clones selected from this 
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random combinational library. The number cf clones f cur.c 
with each combination are snowr. In rig. 2c. The 
-co phOx-BSA, as lucgec by the ELISA signal, appeared tc 
vary (marked by shading in Fig. 25). No binding was seer. 

5 to BSA alone. 

A second round of selection of the original , random 
combinational library from immune mice resulted _r. 93% cf 
eiuted clones binding phOx (Table 4). Most cf tnese 
clones were Vk-d combinations, and bound strongly tc phOx 
10 in ELISA (data not shown). Few weak binders were seen. 
This suggested that affinity chromatography had not only 
enriched for binders, but also for the best. 

Florescence quench titrations determined the Kd of 
VH-B/Vk-d for phOx-GABA as 10" 8 M (example 23), 
15 indicating that antibodies with affinities representative 
of the secondary response can be selected from secondary 
response, only two (out of eleven characterised) secrete 
antibodies of a hiaher affinity than VH-B/Vk-d (C. Berek 
et al. 1985 supra)". The Kd of VH-B/Vk-b for phOx-GABA 
20 was determined as 10" 5 M (example 23). Thus phage 
bearing scFv fragments with weak affinities can be 
selected with antigen, probably due to the avidity of the 
nultiple antibody heads on the phage. 

This example shows that antigen specificities can be 
25 isolated from libraries derived from immunised mice. It 
will often be desired to express these antibodies in a 
soluble form for further study and for use in therapeutic 
and diagnostic applications . Example 23 demonstrates 
determination of the affinity of soluble scFv fragments 
30 selected using phage antibodies. Example 27 demonstrates 
that soluble fragments have similar properties to those 
displayed on phage. For many purposes it will be desired 
to construct and express an antibody molecule which 
contains the Fc portions of the heavy chain, and perhaps 
35 vary the immunoglobulin isotype. To accomplish this,, it 
is necessary to subclone the antigen binding sites 
identified using the phage selection system into a vector 
for expression in mammalian cells, using methodology 
similar to that described by Orlandi, R. et al - (1989, 
40 suora). For instance, the VH and VL genes could be 
amplified separately by PCR with primers containing 
appropriate restriction sites and inserted into vectors 
such as pS^-gp- "ulgGl (L. Riechmann et al Nature 332 
323-327), 1988) which allows expression of the VH domain 
45 as part of a heavy chain IgGl isotype and pSV-hyg HuCK 
which allows expression of the VL domain attached to the 
K light chain constant region. Furthermore, fusions of 
VH and VL domains can be made with genes encoding non- 
inununoglobulin proteins, for example, enzymes. 
50 Example 22 

Generation of Further Antibody Specificities bv the 
Assemblv of Hierarchical Libraries 
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Further antibody specificities were derived rr— tr.e 
library prepared and screened in examples 20 and 21 usir.c 
a hierarchical approach. 

The promiscuity of the VH-5 and Vk-c domains 
5 crompted the applicants to force further pairings, by 
assembling these genes with the entire repertoires if 
either Vk or VH genes from the same immunised mice. The 
resulting 'hierarchical' libraries, (VK-5 x Vk-rep and 
*VK-rep x Vk-d), each with 4xl0 7 members, were subjected 

10 to a round of selection and hapten-binding clones 
isolated (Table 4). As shown by ELISA, most were strong 
binders. By sequencing twenty-four clones from each 
library, the applicants identified fourteen new partners 
for VK-B and thirteen for Vk-d (Fig. 24). Apart from VK- 

15 B and Vk-c, none of the previous partners (or indeed 
other clones ) from the random combinatorial library was 
isolated again. Again the Vk genes were mainly ox- like 
and the VH genes mainly group 1 (as defined in Dildrop, 
R. 1984 supra), but the only examples of Vkoxl (Vk-h, -p, 

20 -q and -r) have Trp91, and the VH-CDR3 motif Asp-X-Gly-X- 
X now predominates. Thus some features of the phOx 
. hybridomas seemed to emerge more strongly in the 
hierarchial library. The new partners differed from each 
other mainly by small alterations in the CDRs, indicating 

25 that much of the subtle diversity had remained untapped 
by the random combinatorial approach. More generally it 
has been shown that a spectrum of related antibodies can 
be made by keeping one of the partners fixed and varying 
the other, and this could prove invaluable for fine 

30 tuning of antibody affinity and specificity. 

Therefore, again, phage antibodies allow a greater 
range of antibody molecules to be analysed for desired 
properties . 

This example, and example 21, demonstrate the 
25 isolation of individual antibody specificities through 
display on the surface of phage. However, for some 
purposes it may be mere desirable to have a mixture of 
antibodies, equivalent to a polyclonal antiserum (for 
instance, for iramunoprecipitation ) . To prepare a mixture 
40 of antibodies, one could mix clones and express soluble 
antibodies or antibody fragments or alternatively select- 
clones from a library to give a highly enriched pool of 
genes encoding antibodies or antibody fragments directed 
against a ligand of interest and express antibodies from 
4 5 these clones. 
Example 23 

Selection of Antibodies Displayed on Bacteriophage with 
Different Affinities for 2-phenyl- 5-oxazolone using 
Af f inity Chromatography 
50 The ELISA data shown in example 21 suggested that 

affinity chromatography had not only enriched for 
binders, but also for the best. To confirm this, the 
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bincinc affinities of a szrong bincinc and a weak bmiir.c 
phaae were dete— ined and rner. demona tratec tr.at they 
could be separatee from each other using affinity 
chromatography . 

5 Clones* VH-B/Vk-b and VK-B/Vk-c were rea-piifiec with 

KJKIFONX, M JK2FONX , MJK4FONX and MJK5F0NX (see example 
14 ) and VH13ACK-S f il ( 5 1 -TCG C GG CCC AGC CGG CC A TGG 
CC(G/C) AGG T(C/G)(A/C) A(A/G)C TGC AG( C/G ) AGT C(A/T)G 
G), a primer that introduces an Sfil sire (underlined) at 

1C the 5' end of the VK gene. VH-B/Vk-d was clcned into a 
phagemid e.g. pJMl (a gift from A. Griffiths and J . 
Maries) as an Sfil-NotI cassette, downstream of the pelB 
leader for periplasmic secretion (M. Better at al. 
supra), with a C-terminal peptide tag for detection (see 

15 example 24 and figure), and under th control of a P L 
promoter (K. Shimatake & M. Rosenberg Nature 292 125-132 

1981). The phagemid should have the following features: 

a) unique Sfil and Notl restriction sites downstream of a 
pelB leader; b) a sequence encoding a C- terminal peptide 

20 tag for detection; and c) a \ P L promoter controlling 
expression. 10 litre cultures of E.coli N4830-1 (M. E. 
Gottesman, S. Adhya & A. Das J.Mol.Biol 140 57-75 1980) 
harbouring each phagemid were induced as in K. Nagai & H. 
C. Thogerson (Methods Enzymol 153 461-481 1987) and 

25 supernatants precipitated with 50% ammonium sulphate. 
The resuspended precipitate was dialysed into PBS + 0.2 
mM EDTA ( PES E ) , loaded onto a 1.5ml column of 
phOxrSepharose and the column washed sequentially with 
100 ml PBS: 100 ml 0.1 M Tris-HCl, 0.5 M NaCl, pH 8.0: 

30 10ml 50 mM citrate, pK 5.0: 10 ml 50 mM citrate, pH4.0, 
and 20 ml 50 mM glycine, pH 3.0. scFv fragments were 
eluted with 50 mM glycine, pH 2.0, neutralised with Tris 
base and dialysed against PBSE. VH-B/Vk-b was cloned 
into a phagemid vector based on pUC119 encoding identical 

35 signal and tag sequences to p JM1 , and expression induced 
at" 30 # C in a ^10 litre culture of E.coli TGI harbouring 
the phagemid as in D. de Bellis & I. Schwartz (1980 
Nucleic Acids Res 18 1311). The low affinity of clone 
VH-B/Vk-b made its purification on phOx-Sepharose 

40 impossible- Therefore after concentration by 
ultrafiltration (Filtron, Flowgen), the supernatant (100 
ml of 600 ml ) was loaded onto a 1 ml column of protein A- 
Sepharose cpoupled (E. Harlow & D. Lane 1988 supra) to 
the monoclonal antibody 9E10 (Evan, G. I. et al. Mol.Cell 

45 -Biol. 5 3610-3616 19e5) that recognises the peptide tag. 
The column was washed with 200 ml PBS and 50 ml PBS made 
0.5 M in NaCl . scFv fragments were eluted with 100 ml 
0.2M glycine, pH 3.0, with neutralisation and dialysis as 
before. 

50 The Kd (1.0 + 0.2 x 10" 8 M) for clone VH-B/Vk-d was 

determined by fluorescence quench titration with 4-E- 
amino- butyric acid methylene 2-phenyl-oxazol-5-one ( phOx- 
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GA3A Cc. Makeia et al. 1576 supra). Exci.ai.or, was s: 
280 nm. emission was monirored at 340 nm anc tne 
calculated. The K d of the low affinity clone Vn-s/Vk-- 
was determined as i - 8 + 0.3 x 10-= M (not shown). To 
5 minimise light adsorption by the higher concentrations c: 
DhOx-GABA reouired, excitation was at 260 nm er.c enissicr. 
was monitored at 304 nm. In addition the fluorescence 
values were divided by those from a parallel titration cr 
-he Ivsozvme binding Fv fragment Dl . 3 . The value was 
10 calculated* as in H. N. Eisen Meth . Med . Res . 10 lla-121 
1964 A mixture of clones VH-3/Vk-b and VK-B/Vk-o. 

7xl0 i0 TU phaae in the ratio 20 VH-B/Vk-b : 1 VH-B/Vk-c 
were loaded onto a phOx-BSA-Sepharose column in 10 ml 
MFBS and eluted as above. Eluted phage were used to 
15 rei'nfect E.coli TGI, and phage produced and harvested as 
before. Approximately 10 11 TU phage were loaded- onto a 
second affinity column and the process repeated to give a 
total of three column passes. Dilutions of eluted phage 
at each stage were plated in duplicate and probed 
20 separately with oligonucleotides specific for Vk-b (5* GAG 
CGG GTA ACC ACT GTA CT ) or Vk-d ( 5 * -GAA TGG TAT AGT ACT 
ACC CT). After these two rounds, essentially all the 
eluted phage were VH-B/Vk-d (table 4). Therefore phage 
antibodies can be selected on the basis of the antigen 
25 affinity of the antibody displayed. 

Exa mple 24 . , 

Construction of Phaoemid oHENl for th e Expression of 

Antibodv Fragments Expressed on th e Surface of 

Ba cteriophage following Superinfection 

30 The phagemid pHENl ( figure 26 ) is a derivative of 

pUC119 (Vieira, J. & Messing, J. Methods Enzymol 153 pp 
3_11 1987). The coding region of g3p from fdCAT2, 
including signal peptide and cloning sites, was amplified 
by PCR, using primers G3FUFO and G3FTJBA (given below) 
35 ( which contain EcoRI and Hindlll sites respectively), ana 
cloned as a Hindi I I -EcoRI fragment into pUC119. The 
Hindlll-NotI fragment encoding the g3p signal sequence 
was the replaced "bv a pelB signal peptide (Better, M. et 
al. Science 240 1041-1043, 1988) with an internal Sfil 
40 site, allowing antibody genes to be cloned as fil-Notl 
fragments. A peptide tag, c-myc, (Munro, S. & Pelnam, H. 
Cell 46 291-300, 1986) was introduced directly after the 
NotI site by cloning an oligonucleotide cassette, and 
followed by an amber codon introduced by site-directed 
45 mutagenesis using an in vitro mutagenesis kit ( Amersham 
International) (figure 26b). 



50 



G3FUFO,5' -CAG T GA ATT C TT ATT AAG ACT CCT TAT TAC GCA GTA 

TGT TAG C/ 

G3FTJBA, 5 ' -TGC G AA GCT T TG GAG CCT TTT TTT TTG GAG ATT TTC 
AAC G; 
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D?solav o : - fii ncle Chain Fv and Fa b Fragments Derivec rrcr. 

= usinc PHF K-I and fdCAT2 . w _^„ - — - 

A ranoe of consiructs (see ncure <..) *.e_e rr.a-e 

range — r- in pUC19 ) desicnec r = r 

a clone ( essentially c-ns . — u — — — H . 

a cione - - so lubie Fab rracmen: <, Better 

2 pr ri"T988 « ^ abole f f rom the mouse anti-phOx ( 2- 
10 pnenyl-5-oxa=oicne) antibody NQ10.12.5 (Griffiths G.^ 
10 P5 e "> A Narure 312, 271-275. 1984). In construct I a the 
! r ions ^ derived from NQ10.12.5 and attached tc 
human Ck and CK1 (U isotype ) constant domains. *he C- 
rerminal cysteine residues. which normally rem a 
i 5 cova\ent i in k between light and heavy antibocy chains^ 
have been deleted from both the constant domains. To 
C l^e heavy an d light chain genes together as r ab 
Saients (construct II) or as separate chains 
?cc?nst"«s III and IV) for phage display. DNA was 
90 amoli'ied from construct II by PCR to introduce a NotI 
rtstr'cSon site at the 3' end. and at the 5' end either 
an AoaLI site (for cloning into fd-CAT2) or Sfil sie (for 
Soning Into pHSNl ) . The primers FABN°Tr°K wjth 
VH1BACKAPA (or VK 1 BACKSFI 1 5 ) were used for PCR 
25 ^Dl -ication of aenes encoding Fab fragments (construct 
25 ampl-icatio f ABNOTFOH with VH1BACKAP A (or 

VH1BACKSFI15) for heaw chains (construct III), and the 
^mers FABNOTFOK and MVKBAAPA (or MVKBASFI ) for light 

30 C ^ LnS T^ C T±^Te%^Vn Fv version of NQ10.12.5 (construct 
I) has the "heaw ( VH ) and light chain. (VJc) variable 
aomains Joined by a flexible linker (^4^) 3 ("uston. 
J S et al. Proc. Natl. Acad. Sci. USA 85 5879-58BJ, 
1988) and was constructed from construct II by 'splicing 

-=5 by overlap extension' as in example 14. The assembled 
genes wire reamplified with primers VK3F2NOT and 
VH1BACKAPA (or VH1BACKSFI 15 ) to a ppend f "JJ! 

for cloning into fd-CAT2 (ApaLI-NotI) or pHENl (Sfil 

NotI ) . 

40 VH1BACKAPA, 5 ' -CAT GAC CAC A GT GCA CA G GT(C/G) (A/C)A(A/G) 
CTG CAG (C/G)AG TC( A/T ) GG; 

>miBACKSF115.5'-CAT GCC ATG ACT C GC GG C CCA GCC GGC CA T 
GGC C(C/G)A GGT (C/G)(A/C)A (A/G)CT GCA G(C/G)A GTC 

" mSotKM.S'-CCA CGA TTC T GC GGC CGC TGA AGA TTT GGG CTC 

F^H^FOrS'-CCA^GA TTC TGC^GC^GC TGA CTC TCC GCC GTT 

50 Sv^PA^ -III A GT* GCA C TC GAC ATT GAG CTC ACC CAG TCT 

SvKBASFI.5'-CAT GAC CAC r.r.G GCC CAG CCG GCC ATG GCC GAC 
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ATT Grv« C.w ^v.- ~~- 

VK3F2NOT, 5 ' -TTC T GC GGC CGC CCG -7: C«G 

CCC. - , ■ 

Restriction sires are unoerlmec. 
- Rescue of Phaoe and Phagemid particles _ w 
" Constructs I-IV (figure 27) were in- croaucec ir.r= 

CAT 2 and pHSNl. Phage ro-CAT2 ( ana i -c-C~- - - ._- - . - - •- ^c. 

IV) was taken from the supernatant c- m:ecjec 

a 4er shakinc at 37*C overnight in 2xTY neciun u ... 
in 12 5ua/ml tetracycline, and used cirectly in — 

Phagemid pHENl (and pHENl-I and II) in E.coli TG. (sups.) 

Phagemid ^ ^ P ^ 2 ^ 2xTy dium> 100 pg/ml 

ampicillin, and 1% alucose (without glucose, expression 
o^ g3F T prevents later superinfection by helper phage) 

i 5 10ul of the overnight culture was used to innoculate 2m 
of 2xTY medium, lOOug/ml ampicillin, 1% glucose and 
shaken at 37 "C for 1 hour. The cells were washed and 
resuspended in 2xTY, 100 ug/ml ampicillin a "f M ff "Jg"^ 
particles rescued by adding 2 pi (10*pfu> V « M " help ^t 

20 phage ( Stratagene ) . • After growth for one hour, 4ul 
kanLycin ( 25 mg/ml ) was added and the 
overnight. The phagemid particles were c"fen« a «^ 
fold for ELISA by precipitation with polyethylene glycol. 

25 Defection of phaae binding to 2-phenyl-5-oxazolone ( phOx ) 
See performed as in example 9. 96-well Pl««» 
coated with 10 ug/ml phOx-BSA or 10 ug/ml BSA in _PBS 
overnight at room temperature, and blocJced witti ™SS 
containing 2% skimmed milk powder. Phage (M) 
30 supernatan? (50 ul > mixed with 50 ul PBS ^^^""J* « % 
skimmed milk powder was added to the wells a. nd assayed 
To detect binding of soluble scFv or Fab figments 
secreted from pHENl . the c-myc peptide tag described by 
Munro and Pelham 1986 supra, was detected using the anti- 
35 myc monoclonal 9E10 (Evan, G. I. et al. Mol Cell Biol 5 
3610-3616, 1985) followed by detection with peroxidase 
conjugated goat anti-mouse immonoglobulin. Other details 

are as in example 9. . , , . 

The constructs in fdCAT2 and pHENl display antibody 
40 fragments of the surface of filamentous phage. Jhe phage 
vector fd-CAT2 (figure 8) is based on the vector fa-jet: 
TESr. A. N . et 9 al. Gene 9 i? 7 "" 0 ' JS5 



restriction si^es ( ApaLI and NotI ) for cloning antibody 
genes (or other protein) genes for expression as fusions 
45 to the N-terminus of the phage coat protein g3p. 



Transcription of the antibody-g3p fusions in fd-CAT2 is 
driven from the gene III promoter and the fusion protein 
targetted to the periplasm by means of the g3p J^der 
Fab abd scFv fragments of NQ10.12.5 cloned into fd-CAT2 
50 for display were shown to bind to phOx-BSA (but not BSA) 
£ ELISA (table 5). Phage were considered to be binding 
i"f A 405 of the sample was at least 10-fold greater that 
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The backcrounc in ZLIS A . 

The'phaoemid vector. pKENl (fig. 25), is basec upon 
oUC 1 1 9 and contains restriction sites (S:i- anc Not., 
cloninc the fusion proteins. Here the : transcripicr . or 
- antibodv-o3o fusions is driven from the moucibie ^ac_ 
promoter" and the fusion protein targettec to the 
ne— Plasm bv means of the pelH leaaer. Phagemic was 
Rescued with VCSM13 helper phage in 2xTY medium 
containing no glucose cr IPTG: under these conditions 

lO rhe-e is sufficient expression of antiboay-g2p . .- ab anc 
sc^v '-aoments of NQ10.12.5 cloned into pHEKl for display 
were shown to bind to phOx+BSA (but not BSA) by ELISA 
(Table 5) using the same criterion as above. 

An alternative methodology for preparing libraries 

15 of Fab fragments expressed on the surface of phage would 

be to: . 

i. Prepare a library of phage expressing heavy chain 

(VHCK) genes from inserts in the phage genome. 
2 Prepare a library of light chain genes in a plamid 
20 expression vector in E.coli, preferably a phagemid. and 
isolate the soluble protein light chins expresed from 
this library. 

3. Bind the soluble protein light chains -romt ne 
library to the heavy chain library displayed on phage- 
25 4- Select phage with the desired properties of affinity 
and specificity. 

These will encode the heavy chain (VHCH) genes. 

5. Isolate the light chain genes encoding ight chains 

which form suitable "antigen -^binding sites in combination 

30 with the selected heavy chains, preferably by using 
superinfectin of bacteria, containing phagemid expressing 
the light chain, with phage expressing the selected heavy 
chain (as described in example 20) and then assaying for 
antigen binding. 

35 Example 26 

Rescue of" Phaoemid Encoding a Gene III Prot ein Fusion 
with Antibody Heaw or Light Chains bv Phaoe E ncoding the 
Complementary Antibody Chain Displayed on Phaoe and the 
Use of this Tecnnioue to Make Dual Com binatorial 

40 Libraries 

With random -combinatorial libraries there is a 
limitation on the potential diversity of displayed Fab 
fragments due to the transformation efficiency of 
bacterial cells. Described here is a strategy (dual 

45 combinatorial libraries) to overcome this problem, 
potentially increasing the number of phage surveyed by a 
factor of 10 7 . 

For assembly of heavy and light chains expresses 
from different vectors, phagemid (pHENl-III or IV) was 

50 grown in E.coli HB2151 (a non-supressor strain) '.o allow 
production of soluble chains. and rescued as above 
(example 27) except that helper phage were used 
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exoressing partner chains as fusions to c3p (10- TV :c- 

CAT2-IV or III respectively) and 2 u- tetracyc — ne v 

mg/ml) in place of kanamycin. 

Separate Vectors to Encode Fab Heavy and Lich. 

3 The in heavy and light chains of Fab fragmenrs car. be 
encoded toaether in the same vector (example 2=) cr in 
d< "erent vectors. To demonstrate this the heavy chain 
(construct III) was cloned into pHENl (to provide soluoie 
10 fragments) and the light chain ( construct IV ) into =c- 
CAT2 (to make the fusion with g3p). The phagemid pHtM- 
III grown in E.coli KB2151 ( non-supressor ) was rescuec 
with fd-CAT2-IV phage, and phage(mid) shown to bine to 
phOx:BSA, but not to BSA (Table 5). This demons-rates 
that soluble liaht chain is correctly associating with 
the heavy chain anchored to the g3p, since neither heavy 
chain nor light chain alone bind antigen ( Table 5). 

Similar results were obtained in the reverse 
experiment (with phagemid • pHEN-l-IV and fd-CAT2-III 
phage) in which the heavy chain was produced as a soluble 
molecule and the light chain anchored to g3p (Table 5). 
Hence a Fab fragment is assembled on the surface of phage 
by fusion of either heavy or light chain to g3p, provided 
the other chain is secreted using the same or another 
25 vector (figure 28). 

The resulting phage population is a mixture of phage 
abd rescued phagemid. The ratio of the two types of 
particle was assessed by infecting log phase E.coli TGI 
and plating on TYE plates with either 15 ug/ml 
30 tetracycline (to select for fd-CAT2) or 100 ug/ml 
ampicillin (to select for pHENl ) . The titre ° f „ fd -<=AT2 
phage was 5 x 10 11 TU/ml and the titre of pHENl 2 x 10* 
TU/ml, indicating a packaging ratio of 25 phage per 

phagemid. _ 

Demonstrated here is an alternative strategy 
involving displav of the heterodimeric antibody Fab 
fragments on the surface of phage. One of the chains is 
fused to g3p and the other is secreted in soluble form 
into the periolasmic space of the E.coli where it 
associates non-covalently with the g3p fusion, and binds 
specifically to antigen. Either the light or heavy chain 
can be fused to the g3p: they are displayed on the P^age 
as Fab fragments and bind antigen (Figure 28). Described 
are both phage and phagemid vectors for surface display. 
45 Phagemids are probably superior to phage vectors for 
creation of laroe phage display libraries. Particularly 
in view of their higher transfection efficiencies (Two to 
three orders of magnitude higher), allowing larger- 
libraries to be constructed. The phagemid vector, pHENl 
50 also allows the expression of soluble Fab fragments in 
non-suppressor E.coli. . . 

Also demonstrated here is that heavy and light 
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chains encoded on The same vector ( construe: II ) cr cr. 
difierer.t vectors (constructs III anc ~\ > 
displayed as Fab fragments. This offers . _f- s ~-yr3 
wavs of makinc random combinatorial libraries 
= dispiav Libraries of heavy and light chain genes, 

amplified bv PCR. could be randomly linkec by a ' 
assemblV process (example 14) based or. 1 spiicmc by 
ove-lao extension'. cloned into phage(ir.ic) cispiay 
vectors" and expressed from the same promoter as pa_t or 
t o . -he same transcript (construct II) as above, or inceec 
from different promoters as separate transcripts. Here 
the phaae(mid) vector encodes and displays both chains. 
Fo- a combinatorial library of 10 7 heavy chains anc 10' 
lioht chains, the potential diversity of aisplayec Fab 
••5 fragments (10 14 ) is limited by the transfection 
efficiencv of bacterial cells by the vector (about 10- 
clones pe-^ ug cut and liaated plasmid at best) (W.J. 
Dower et al Nucl . Acids. Res. 16 6127-6145, 19 88). 
Libraries thus prepared are analogous to the random 
20 combinatorial library method described by Huse, W.D. et 
al Science 246 1275-1281 (1989), but have the important 
additional feature that display on the surface of phage 
gives a powerful method of selecting antiboay 
specificities from the large number of clones generated. 
25 Alternatively, libraries of heavy and light chains 

could be cloned into different vectors for expression in 
the same cell, with a phage vector encoding the g3p 
fusion and a phaaemid encoding the soluble chain. The 
phaoe acts as a helper, and the infected bacteria 
30 produced both packaaed phage and phagemid. Each phage or 
phagemid displays both chains but encodes only one chain 
and thus oniv the aenetic information for half of the 
antigen-binding site. However, the genes for both 
antibody chains can be recovered separately by plating on 
35 the selective medium. suggesting a means by which 
mutually complementary pairs of antigen binding heavy and 
light chain * combinations could be selected from random 
combinatorial libraries. For example, a light chain 
repertoire on fd phage could be used to infect cells 
40 harbouring a library of soluble heavy chains on the 
phagemid. The affinity purified phagemid library could 
then be used to infect E.coli, rescued with the affinity 
purified nh=>ge library, and the new combinatorial library 
subjected to a further round of selection. Thus, 
45 antibody heavy and light chain genes are reshuffled after 
each round of purification. Finally, after several 
rounds, infected bacteria could be plated and screened 
individually for antigen-binding phage. Such 'dual 
combinatorial libraries are potentially more diverse than 
50 those encoded on a single vector. By combining separate 
libraries of 10 7 light chain phage(mid)s, -the diversity 
of displayed Fab fragments (potentially lO 14 ) is limited 
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only by the number of b3Cteri= ( 10-- per litre;, v.cre 
simDlvf the use of iwo vectors should also facilitate the 
construction of 'hierarchical' libraries, ir. wr.icr. a 
fixed heaw or light chain is paired with a library cr 
5 partners (example 22 ) , offering a means c: ' fine- tuning ' 
antibody affinity and specificity. 
Example 27 _ 

Induction" of Soluble scFv and Fab rracments using 
Phaaemid pKENI 

20 Further study of antibodies which have been 

expressed on the surface of phage would be greatly 
facilitated if it is simple to switch to expression in 
solution. 

E.coli KB2151 was infected with pHEN phagemid 

15 (pHENl-I or II), and plated on YTE, 100^g/ml ampicillin 
plates. Colonies were shaken at 37 9 C in 2xTY medium, 100 
pg/ml ampicillin, 1% glucose to OD 550 «0.5 to 1.0. Cells 
were pelleted, washed once in 2xTY medium, resuspended in 
medium with 100 yg/ml ampicillin, 1 niM isopropyl p-D- 

20 thiogalactoside (IFTG), and grown for a further 16 hours. 
Cells were pelleted and the supernatant, containing the 
secreted chains, used directly in ELISA. 

The phagemid pHENl has the advantage over phage xd- 
CAT2, in that antibody can be produced either for phage 

25 display (by growth in supE strains of E.coli) or as a 
tagged soluble fragment (by growth in non-suppressor 
strains ) , as a peptide tag ( example 24 ) and amber codon 
were introduced between the antibody and g3p. Secretion 
of soluble Fab fragments from pHENl-II or scFv fragments 

30 from pHENl-I was "demonstrated after growth in E.coli 
HB2151 and induction with IPTG using Western blots 
(Figure 29). For detection of secreted proteins, 10yl 
supernatant of induced cultures were subjected to SDS- 
PAGE and proteins transferred by electroblotting to 

35 Immobilon-P (Millipore). Soluble heavy and light chain 
were detected with goat polyclonal anti-human Fab 
antiserum (Sigma) and peroxidase conjugated rabbit anti- 
goat immunoglobulin (Sigma), each at a dilution of 
1:1000. The tagged VK domain was detected with 9E10 

40 antibody ( 1 : 1000 ) " and peroxidase conjugated goat anti- 
mouse immunoglobulin ( Fc specific) (1:1000) (Sigmr) or 
with a peroxidase labelled anti-human CK antiserum 
(Dako). 3,3 ' -diaminobenzidine (DAB; Sigma) was used as 
peroxidase substrate (Harlow E. , et al- 1988 Supr). With 

45 the scFv, the fragments were detected using the 9E10 
anti-myc tag antibody (data not shown). With the .Fab, 
only the light chain was detected by 9E10 (or anti-human 
CK ) antibody, as expected, while the anti-human Fab 
antiserum detected both heavy and light chains. Binding 

50 of the soluble scFv and Fab fragments to phOx-BSA (but 
not to BSA) was also demonstrated by ELISA (Table 5B ) . 
Thus scFv and Fab fragments can be displayed on phage or 
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soluble fragments frcrr. the same pr.ece-ic 



Example 2E _ , ssav Q - LvS ci«e us.r.r 
T^^Iic^ Sen s itivity m -*--S" assa% o- - s - ~ 

= FDTscFvDl.2 as Pr imary An r ibacv Comoa-ec ^ aw->..-e 

sc.-vDl ^3 ^_ icie _ he use C f phage antiiodies should 
allow" more "sensitive immunoassays to be peric-.ec -~an 
^soluble antibodies. Phage antibodies comome the 
1C a^iity to bind a specific antigen with the potential == 

1C Imolif ication through the P" senc Va8nT o^ ? et=h ^ Z?™ ' 
cooies of the major coat protein (g8p) on each \___c... 
?°ls would allow the attachment of several Mtifcocy 
noJIcules directed aaainst M13 to each virion followec by 

1= Se tach^ent of " several molecules of peroxiaase- 
conjugated anti-soecies antibody (anti-sheep) Ig« in ^he 
case below ) . Thus for every phage antibocy bounc . .. . 
an"aen there is the potential for attaching several 
p£?oxT2ase molecules whereas when a soluble antiboay is 

20 STas the primary antibody this amplification will not 

° CCUr ELISA plates were coated overnight at room 
-omnprature usinc 200ul of 10 fold dilutions of hen egg 
ly^zyme UOol Io8\ 10. 1. 0.1 and 0 01 ug/ml) in 50mM 
NaHCO, pH9.6. ELISA was performed as described in 
£*!Jnrale 4 except that (i) incubation with anti-lysozyme 
SnSbody was wi P th Either FDTscFvD1.3 (pAb: 10^ phage per 
well- lTsmol) cr soluble affinity purified scFvDl . 3 18ug 
per" well; 0. 7n»ol) ( ii ) incubation with ^cond antibo dy 
30 was with 1/100 dilution of sheep anti-M13 serum for 
^scFvDl.3 sables or with or -1/100 dilution of rabbit 
an-?-scFvD1.3 serum (from S. Ward) for soluble scFvD1.3 
ladles (iii) peroxidase-conjugated rabbit ^ti;goat. 
immunoglobulin (Sigma; 1/5000) was used for FDTsc ;^^ 
25 samoles and peroxidase-conjugated goat 

immunoglobulin (Sigma; 1/5000) was used for soluble 
scFvDl 9 3 samples. Absorbance at 405nm was measured after 
15h T he results are shown in Figures 30 and 31. xn 
these figures Ivsotyme concentrations for coating are 
40 Snown cVa log 'scale of dilutions relative to lug/ml. 
(i.e. log = -3 -lmg/ml ; log = 2 = 0 . 01 PS/™! > 

Hioher signals" were obtained with FDTscFvDl . 3 at all 
concentrations^ lysozyme (Fig. 31) but the difference 
waS very marxed at the greatest dilutions . where antigen 
45 Quantities are most limiting ( Figs . 30 ^ 31 J . This 
suaaests that phaae antibodies may be particularly 
valuable for sandwich type assays where the captur. 
small amounts of antigen by the primary antibody will 
generate an amplified signal when phage antibodies 
50 directed against a different epitope are used as .he 
second antigen binding antibody. 
Example 29 
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D -rect Rescue and Expression of Mou se Monoci cr.al 
Anribodies as Sincie Chain Fv Fracments on rne £ur=a=e cr 

Bacrerioohaoe fd. . , . . _ 

The principle is very similar ro rhar aes. 3ec 7-- 

example 14. Ir consisrs of rhe PCR assembly cf sincie 
chain anribodies from cDNA prepared froir. mouse 
monoclonals. As an example, rhe rescue and expression cr 
•cwo such anribodies from monoclonals expressing 
anribodies againsr rhe sreroid hormone oesrrioi is 
10 described. 

A. RNA Preparation 

RNA can be prepared using many procedures well known 
ro rhose skilled in* rhe arr. In rhis example, rhe use cf 
Triron X-100 lysis, phenol/SDS RNase inacrivarion gave 
15 excellent results. . 
1. The mouse monoclonal cells rhar were used here haa 
been harvested by centrif ugation and resuspended in serum 
<r ee medium. They were then centrif uged and resuspenaeo 
in saline and after a final centrif ugation step, 
resuspended in sterile water at 1 x 10 ' cells per ml. 
(Normally cells would be washed in PBS buffer and finally 
resuspended in PBS buffer, but these particular cells 
were supplied to us as described frozen in water.). 
2 To 750ul of cells was added 250ul of ice cold 4X 
lysis buffer ( 40mM Tris HC1 pH 7.4/4mM MgCl 2 /600mM 
NaCl/40mM VRC (Veronyl ribosyl complex)/2% Triton X-100). 
The suspension was mixed well and left on ice for 5 

minutes. , 

3 _ Centrif ugation was carried out at 4*C in a micrpfuge 

30 at 13000 rpm for 5 min. 

The supernatant is then phenol extracted three times, 
phenol chloroform extracted three times and finally, 
ethanol precipitated as described in the materials and 
methods. The precipitate was resuspended in 50ul water. 

•35 4 The optical densirv of rhe RNA at 260nm with a 2.5ul 
sample in 1ml water was measured. The RNA was checked by 
electrophoresis of a 2ug sample on a 1% agarose gel. RNA 
in the range of 32ug ro 42ug was obtained by this method. 
B. cDNA Preparation 

40 The method used is the same as that described in 

example 14. Two cDNA preparations were made. These were 
from RNA extracted from the monoclonals known as cell 
lines 013 and 014 which both express antibodies against 
eh steroid hormone, oestriol. 

45' C. Primary PCRs ^ 
The method used is essentially the same as that 
described in example 14. The VH region was amplified 
with the primers VH1BACK and VH1FOR-2. For the Vkappa 
region, four separate reactions were carried 

50 the primer VK2BACK and wither MJK1FONX, MJK2FONX. 
MJK4FONX or MJK5FONX. Samples ( 5ul ) were checked on a 
1.5% agarose gel. From this it was observed that tor. 
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cDNA zreparec fror. the :vo oesrricl r.onccicr.a.s tr.e- 
D~imers VK23ACK and KJK1FGNX cave -he best ar.pli::c2ticr. 
c* the Vkanpa recior.. The VH bends and the Vkacoa bancs 
amplified with VK23ACK/KJK1F ONX were puri.iied on 2% 
meltinc Doint agarose gels for each monccicnais. The DNA 
bands "were excised from the gel and purifiec^ us:r.: a 
dedicated Geneclean kit as described in example 14. 

D . Preparation of linker 
' The method used is essentially the same as that 

described in example 14. In this case, the amplified 
■inker DNA was purified on a 2% agarose gel and recovered 
from "the gel with a dedicated "Mermaid" kit (BIO 101. 
Geneclean, La Joila, San Diego, California, USA) using 
the manufacturers instructions. 

E. Assembly ?CRs 
The method used is essentially the same as that 

described in example 14- In this- case, the assembled PCK 
oroduct was purified on a 2% agarose gel and recovered 
from the gel with a dedicated "Mermaid" kit. 

20 F. Adding restriction sites and work-up 

The assembled product was "tagged" with Apa LI and 
Not I restriction sites. The DNA was then digested with 
Apa LI and Not I to give the appropriate sticky ends for 
cloning and then purified on a 2% low melting point 

25 agarose gel and extracted using a Geneclean kit. The 
method used is the same as that described in example 14. 

G. Cloning into Vector fd-CAT2 

A total of 15ug of CsCl purified fd-CAT2 DNA was 
digested with 100 units of the restriction enzyme Not I 

30 (New *Enaland Eiolabs ) in a total volume of 200ul IX NEB 
Not I buffer with IX NEB acetylated BSA for a total of 3 
hours at 37 *C. The vector DNA was the treated twice with 
15ul Strataclean (a commercially available resin for the 
removal of protein), following the manufacturers 

25 instructions (Stratagene, 11099 North Torrey Pines Road, 
La Jolla, California, USA). The DNA was then ethanol 
precipitated and redissolved in TE buffer ( Sambrook et 
al., 1989 supra). The DNA was then digested with 100 
units of the restriction enzyme Apa LI (New England 

40 Biolabs ) in a total volume of 200ul IX NEB Buffer 4 
overnight at 37 # C. The vector was then purified with a 
Chroma Spin 1000 column following the manufacturers 
instructions (Clcntech Laboratories Inc, 4030 Fabian way, 
Palo Alto, California, USA). This step removes -the Apa 

4 5 LI /Not I fragment to give cut vector DNA for maximum 
ligation efficiency. 

Ligation reactions were carried out with 2.5-10ng of 
the DNA insert and lOng of vector in a total volume of 
lOul of IX NEB ligase buffer with lul of NEB ligase (New 

50 England Biolabs) at 16 *C overnight ( approx 16 hours). 

H. Transformation and crowth 

E.coli strain TGI was made competent and transformed 
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with the fdCA72 recombinant DNA as describee try Sa^rcok 
et "al , 19B9 Supra. The cells were plarec ou: cr.^ LBteT 
plates ( 10c i^ptone, 5c yeast extract, ICc NaCl, 15g 
bacto-aaar "per litre with 15ug/ui cf tetracycline acdec 
5 just before pouring the plates) and crown overnight. 

Sinale well isolated colonies were then inoculated 
into 10 ml of LBtet broth ( L5 medium with 15ug/ui cf 
tetracycline ) in 50 ml tubes. After overnight growth at 
"25 *C/350rpm in a bench top centrifuge- The supernatants 

10 were transferred to 15 ml centrifuge tubes and 2ml 20% 
PEG 8000/2. 5M NaCl added to each. After incubating at 
room temperature for 20-30 minutes, the recombinant phage 
was pelleted by centrif ugation at 9000rpm in a Sorval 
SM24 rotor for 30 minutes. The PEG supernatant was 

15 discarded. Any remaining PEG was removed with a pasteur 
pepette after a. brief (2 minutes.), centrif ugation step . 
This last step was repeated to make sure that no PEG 
remained. The phage pellet was then resuspended in 500ul 
PBS buffer. This" was transferred to a microcentrifuge 

20 tube and spun at 13000 rpm to remove any remaining cells. 
The phage supernatant was transferred to a fresh tube. 
I . Assay for antibody expression 

Bacteriophage fd recombinants were screened for the 
expression of antibody against oestriol by ELISA. This 

25 method is described in example 6. In this case the 
following alterations are relevant. 

1. Microtitre plates were coated overnight with 40ug/ml 
oestriol-6 carboxyme thy loxime-BSA (Steraloids, 31 
Radcliffe Road, Croydon, CRO 5QJ, England). 
30 2. 1st antibody was the putative phage anti oestriol 
antibody. 50ul of phage in a final volume of 200ul of 
sterile PBS combining 0.25% gelatin was added to each 
well. 

3. 2nd antibody was sheep anti M13 at 1:1000 dilution. 
35 4. 3rd antibody was peroxidase conjugated rabbit anti 

goat immunoglobulin . 

Recombinants expressing functional antibody were 

detected by incubation with the chromogenic substrate 

2*2' axinobis (3-ethyl benrthiazoline sulphonic acid). 
40 The results are shown in figures 32 and 33. 

Example 30 

Kinetic "Properties of Alkaline Phosphatase Displayed on 
the Surface of Bacteriophage fd 

This example demonstrates that kinetic properties of 

4 5 an enzyme expressed on phage are qualitatively similar to 
those in solution. Bacteriophage fd displaying alkaline 
phosphatase fusions of gene 3 with either the native 
arginine (see example 31) or the mutant residue alanine 
at position 166 (see example 11) were prepared by PEG 

50 precipitation as described in the materials and methods. 

The kinetic parameters of alkaline phosphatase 
expressed on the surface of fd phage were investigated in 
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1M — -s/HCl. dKS.G at 20 *C with Inl 4 -ni trcpher.y i 
ohosphate as substrate. The reactions were -"j^^tj^ 
-he addition of lOOui of a pnage-aikalme pnospna.ase 
'usion oreDaration. 50 fold concentrated witr. respect 
* the oricinal culture supernatant. The rare c: cnange c: 
absorbance was monitored at 41Cnm using a Philips 
sDectroohotometer and the mitiai reacticr. rc~e 
calculated using a molar absorbance of 16200 1/mox/csi. 
r- 0 ~- rne fdphoAla 166 enzyme but not fdphoArgl66 a lac 
10 phage was seen following this addition, the reaction rate 
accelerating until a steady state was obtamec arter 
aDproximately 60 to 90 sees. This steady state rate was 
used for determination of kinetic parameters. No 
deviation form Michaelis Menten kinetics was apparent for 
15 either phage enzyme. Values of 1^ and k cat were derived 
'-om plots of s/v aoainst s and are shown in Table 6. 

Because of the difficulty in establishing the 
relationship between the number of phage particles an the 
number of active enzyme dimers formed on the phage k cat 
20 values are expressed not as absolute values, but as 
relative values between the two enzyme forms. Western 
blots (carried out as in example 31 using antig3p 
antiserum) of the phage enzyme preparations used in this 
exoeriment showed approximately equal intensities for the 
-55 .e u ii length fusion band with the Argl66 and Alal66 
enzvmes when detected using antibody directed against 
gene3. In these preparations the intact fusion 
represents aporoximately 30% of the detected material. 
The two preparations were therefore assumed to be 
30 expressing approximately the same concentrations, , of 
intact fusions. . 

Table 6 summarises the kinetic data from this 
experiment and coinoares it with data from Chaidaroglou, 
A . et al (Biochemistry 27, 8338-8343 (1988)) obtained 
35 with soluble preparations of the wild type and mutant 
enzvme forms. The same substrate and assay conditions 
uere used in both experiments. Soluble alkaline 
phosphatase was also tested in parallel in our 
experiments (K Tn =8.5yK: kcat=3480 mol substrate converted 
40 mol enzyme" 1 min -1 ). 

The effect of mutating arginine at position 106 to 
alanine is Qualitatively similar for the phage enzyme as 
for the soluble enzyme. is increased abouc x5 fold 

and the relative k car is decreased to 36% of that for 
45 wild type. This increased would reflect a reduction 
in substrate affinitv in the phage enzyme on mutation of 
Argl66 as was proposed for the soluble enzyme 
(Chaidaroglou et al, 1988 supra), assuming the same 
kinetic mechanism applies. There are, however, some 
50 Quantitative differences in the behaviour of K,- of the 
ohage enzyme. The Kj„ of 73uM observed for fdphoArgl66 
compares with a K„, of 12.7uM for the free enzyme; the K,„ 
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for fdDhoAlal65 is 1070uY. whereas the free nutsnt er.z : . .„e 
has a K~ of 1620uM- One car. speculate tna- the h-cne - K_ 
for fdphoArg 166 anc the lower r. m _ — . -c...o^a.D_ 
compared to the soluble enzymes resu:: :r-ns .he 
= "nSnored' alkaline phosphatase :usior. molecules 
~ interacting to form cimers in a cirterent aenner tc .ne 

enzvme in free solution. _ 

" The relative values c: k car rcr tne a^w 
Alal66 forms are however very similar for both the phage 
10 enzymes and the soluble enzymes, a reduction occurring on 
mutSion to 35 to 40% of the value for the native er.=y«. 
"he rate limiting step, determining k car . for soluble 
^hoArgiee is thought to be dissociation of non-covalent y 
bound phosphate from the enzyme (Hull v. . E et a.. 
Biochemistry 15, 1547-1561 1976). Chaidaroglou et al 
"(1988) supra suggest that, for the soluble enzyme, 
mutation of Argl66 to alanine alters additional steps, 
one of which mav be hydrolysis of the phosphoenzyme 
intermediate. The" similarity in the reduction in k cat: on 
mutation of Argl66 to alanine for the phage enzymes 
suogests that the same steps may be altered m a 
quantitatively similar manner in the mutant phage enzyme 
as in the mutant soluble enzyme. 

Thus, enzymes displayed on phage show qualitatively 
25 similar characteristics to soluble enzymes. 

Exa mple 31 „, , ,,^,1 

Demon strat ion using Ultrafiltrati o n that Cloned Alkaline 
Pho sphatase Behaves as Part o f the Virus Particle 

Tne — construct f cphoAlal66 ( derived in example 

30 was converted back to the wild type residue (arginine) at 
position 166 by in vitro mutagenesis ( Amersham 
International ) using the printer 
APARG1 6 6 : 5 ' TAGCATTTGCGCGAGGTCACA 3'. 

This construct with the wild type insert was called 

3 5 fdphoArgl66. . . 

E coli TGI or KS272 cells (cells with a deletion in the 
endoaenous phpA gene, Strauch and Beckwith 1988 Supra) 
containing either f d-phoAlal66 , fdphoArgl66 or f d— CAT2 
were grown for 16 hours at 37 'C in 2xTY with 15ug/ml 
40 tetracycline. Concentrated phage were prepared as 
follows. Phage-enzyme cultures are clarified by 
centrifugation (15 min at 10,000 rpm, 8 x 50 ml rotor, 
sorval RC-5B centrifuge). Phage are precipitated by 
adding 1/5 volume 20% polyethylene glycol. 2.5 M Nacl. 
45 leaving for 1 hr at 4'C. and centrifuging (as above). 
Phage pellets are resuspended in 10 mM Tns-HCl pH 8.0 
to 1 /100th of the original volume, and residual bacteria 
and aggregated phaae removed by centrifugation for 10 to 
™ minutes in a bench microcentrifuge at 13000 rpm at 
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SDS/Polyacrylamide gel electrophoresis and western 
blotting were basically as described previously (example 
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2). Denatured samples ccr.sis"ir*c cf I6ui cf a -C rcic 
concentrate of phage were separatee using a 10* 
SDS /polyacrylamide gel and detected ^ with pc.yc-Lona- 
antiserum raised against either -.eeli alkaline 

5 phosohatase ( Northumbria Biolocicais, South Nelson 

Industrial Estate, Cramiington, Northumberland, N-Z3 9KL • 
or against the minor coat protein encoded by cene 2 t f rc~ 
Prof. I- Rasched, Uaiversitat Konstanz , see Stengele et 
al, 1990) at 1 in 1000 dilution. This was followed by 

10 incubation with peroxidase-conjugated goat-anti-rabbit 
immunoglobulin (Sigma 1 in 5000) and detection with the 
ECL Western blotting system (Amersham International ) . 

The presence of fusion proteins was confirmed by 
western blotting of proteins from phage particles derived 

15 from fd-phoAla!66 ( phage-enzyme ) or fd-CAT2 (vector 
phage ) . Detection with antiserum raised against the gene 
3 protein . reveals a product of apparent relative 
molecular mass (Mr) of 63,000 in vector phage (figure 
34e). Although -this is different from the predicted 

20 molecular weight based on the amino acid sequence 
(42,000), the natural product of gene 3 has previously 
been reported to exhibit reduced mobility during 
electrophoresis (Stengele et al, 1990). 

In the fd-phoAlal66 sample the largest band has an 

25 apparent Mr of 115,000, (fig- 34). Taking into account 
the aberrant mobility of the gene 3 portion of the 
fusion, this is approximately the sire expected from 
fusing with an alkaline phosphatase domain of 47 kD. 
This analysis also reveals that a proportion of the Gene3 

30 reactive material in this phage-enzyme preparation is 
present at the sire of the native gene3 product, 
suggesting that degradation is occurring. In the 
preparation shown in figure 34, approximately 5-10% of 
the gene 3 fusions are intact. In more recent 

2 5 preparations and in all the preparations used in this 
example and example 32, approximately 30-60% of fusions 
are full length. 

The protein cf Mr 115,000 is the major protein 
observed in Western blots cf phage-enzyme derived from 

40 TGI cells when probed with antiserum raised against 
E.coli alkaline phosphatase (anti-BAP), confirming the 
assignment of this 'band to" intact fusion. Further, when 
phage enzyme is prepared using KS272 cells, which have a 
deletion in the endogenous phoA gene ( Strauch & Beckwith, 

45 1988, supra. ) it is also the major band. There are 
additional bands at Mr 95000 . and 60000 reactive with 
anti-BAP antiserum which may indicate degradation of the 
fusion product. 

The anti-BAP antiserum also reacts wit material 

50 running with the dye front and with a molecule of Mr 
4 5,000 but evidence suggests that this material is not 
alkaline phosphatase. This pattern is detected in PEG 
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precipitated vectcr ohage samples (figure 34c) ar.c net 
Therefore contribuiec "by protein expressed frc->. ^tne 
cloned phoA aene. These bancs are detected — culture 
supernatants" of cells carrying fd-CAT2 hut is not 
5 detected in the supernatant of uninfectec ceils i not 
shown) and so either represents cross-reac wivi with 
chaae encoded material or with a PEG precipitate 
cel^u^a- component leaked from infected cells ( 3oeKe et 
a 1 ~Mol. Gen. Genet. 186, 185-192 1982). Although the 
10 fraoment of Mr, 45,000 is close to the sire of free 
alkaline phosphatase (47,000), it is present in phage 
preparations from KS272 cells which have a deletion in 
the" phoA locus. Furthermore its mobility is different 
from purified alkaline phosphatase and they can be 
15 distinguished by electrophoresis (figure 34d ) . 

Ultrafiltration was used -to confirm that .the, fusion 
protein 'behaved as though it were part of a larger 
structure, as would be expected for an enzyme bound to a 
phaoe particle. Phage samples ( lOOyl of a 50 fold 
20 concentrate) were passed through ultrafiltration filters 
with a nominal molecular weight limit of 300000 daltons 
(Ultrafree-MC filters, Millipore) by centrif ugation for 5 
to 15 minutes at 13,000 r.p.m. in an MSE microcentaur 
microfuge. Retained material was recovered by 
25 resuspending in lOOyl of lOmM Tris, pH 8.0. 

Phage-enzyme or free alkaline phosphatase ( 83ng ) 
mixed with vector phage were passed through filters with 
a nominal molecular weight limit of 300,000 daltons 
( Ultraf ree-MC filters, Millipore). Figure 35 A again 
30 shows that the band of Mr, 115,000 is the major product 
reactive with anti-BAP antiserum. This and the other 
minor products reactive with anti-BAP are present in 
material retained by the ultrafiltration membrane. 
Analysis of retained and flow through fractions of phage 
35 preparations derived from KS272 demonstrates that 
different molecular species are being separated by the 
ultrafiltration membranes. Figure 35b shows the protein 
of Mr 115,000 is retained by the filter whereas the 
putative degradation products of Mr 95,000 and 60,000 
40 found in phage preparations derived from KS272 cells, are 
not retained . 

In mixture of alkaline phosphatase and vector phage 
Figure 35c- f, free alkaline phosphatase ( dimer size of 
94,000 daltons) is detected in the flow through as a 

45 monomer band with Mr 47,000 on denaturing polyacrulamide 
gels (figure 35B), while the cross reactive molecule 
found in vector phaae preparations (Mr 45,000) is in 
retained on the f liter ( figure 35B). This suggests that 
the cross reactive molecule is pc'rt of the phage particle 

50 and underlines the fact that the ultrafiltration 
membranes are effecting a separation. Thus the expected 
fusion band in this phage-enzyme is present in material 
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retained or. ultrafiltration meir-ranes demor-stratir.: that 
L- is part cr e larger structure as would be expect ez rcr 
viral bound enzyme . _ . = _ Q 

CataH-fc activity has been aemonstratec o.. ce 
na-ticles'expressing alkaline phosphatase. Table 7 shows 
rha- the W Id type alkaline phosphatase gene expresses cr. 
ohaae ( f d-ohoArgl66 ) has a specific activity (ncles cr 
substrate "converted per mole of viral particles, cr 

3 700/ir.in. This is close to the turnover value cr 

4 540/min found for purified alkaline phosphatase cy 
Malamv and Horecker. Biochemistry 3. 1893-1897 19o4 ) . 

Chaidaroglou et al . 1988 supra have shown that 
substituting alanine for arginine at the active site 
(residue 166) leads to a reduction in the rate c. 
ca - £ i ys ,- s Preparations of phage displaying alkaline 
phosphatase with this mutation derived from TGI and KS272 
show reduced soecific activities of 380 and 1400 mol 
substrate converted/ mo 1 phage/min respectively. Enzyme 
act-Vty was measured in the retained and flow-through 
20 f -actions prepared by ultrafiltration, shown in figure 
35 The bulk of activity from phage-enzyme was retained 
on* the filters whereas the majority of activity from free 
enzvme passes through. Therefore, the enzyme activity-in 
these fusions behaved as would be expected for virally 
25 associated enzyme (not shown). Little or no catalytic 
activitv is measured in preparations of vector phage from 
either TGI or KS272 cells (Table 7), indication that the 
-ataTytic activities above are due to phage enzyme and 
not contamination with bacterial phosphatase. Addition 
30 of phage particles to soluble enzyme does not have a 
sicnificant effect on activity (Table 7). •' 

Therefore, both the catalytic and immunochemical 
activity of alkaline phosphatase have been demonstrated 
-to be due to enzyme which is part of the phage particle. 
Example 32 

Affinity chromatography of phaoe alkaline phosp hatase 

Affiniry chromatography, using the specific binding 

properties of enzvmes has proved to be a very powerful 
method for their purification. The purification of 
phage-enzymes by this approach would enable the genetic 
material encoding the enzyme to be isolated with the 
enzyme itself. Thus, mutagenesis of cloned enzymes 
expressed on the surface of filamentous bacteriophage 
will lead to a whole population of enzyme variants, from 
45 which, variants with desired binding properties could be 

isolated. , - . \ 

Soluble alkaline phosphatase (from calf intestine) 
has been purified by binding to immobilised arsenate (a 
competitive inhibitor), and eluting with inorganic 
phosphate, which is a product (and competitive inhibitor) 
of the enzyme reaction (Brenna,0. et al, Biochem. J. iai 
291-296 1975). The applicants have determined that 
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soluble alkaline phosphatase frc~ Z.coli is else reta-nec 
bv rhis matrix (no, shown). In this exampxe ^ s 
demonstrated that phage displaying ^.c~-^ C -^a ne 
phosphatase binds to arsenate-Sepharose an= .an oe 

= specifically eluted. , . 

Arsenate-Seoharose was preparec by ecu? ^ --v?- 

aminoohenylazo)" phenyl arsenic acid to tyraminyi- 
SeDharose according to the methoo of Breena et al. (.9,=: 
" a ) Af'nitv chromatography of phage enzyme 

10 fdphoArgl66 (example 31) was carried out in a disposable 
ch-omatooraphy column with a 0.5 ml column volume. 
Columns were prewashed with 100 volumes of column burr er 
(lOOmM Tris pH 8.4, ImM MgCl 2 , 0.1 mM ZnCl 2 . 0.1% ^een 
20 Brenna et al, 1975, supra.) 1ml of a 40 .old 
15 concentrate of phage-enzyme ( in column buffer; prepared 
as > h examole 31) was loaded and washed- through with 100. 
volumes of " column buffer. Bound phage-enzyme was eluted 
with 5mls of column buffer containing 20mM NaHP0 4 . The 
eluate and wash fractions were quantitated by dot 
20 blotting onto nitrocellulose and comparing with known 
amounts of phage-enzyme. The blots were detected using 
sheep anti-M13 antiserum (gift from M. Hobart ) , anti- 
sheeD peroxidase (Sicma) and enhanced chemi luminescent 
substrate (Amersham). A range of exposures were taken. 

Table 8 shows the results of affinity chromatography 
of phage displaying alkaline phosphatase on arsenate- 
Sepharose. In separate experiments phage particles 
expressing either mutant ( f dphoAla 166; example 11) and 
o~ wild type ( f dDhoArg 166) forms are retained, on 
30 arsenate-Sepharose and eluted with inorganic phosphate. 
ADproximatelv 0.5 to 3% of added phage enzyme particles 
loaded ('input phage') were specifically eluted with 
phosphate ('output phage') compared to only 0 . 05% of 
vector particles. Arsenate is a competitive inhibitor 
3* with of 20uM with resoect to 4- nitrophenyl phosphate. 
Phaae particles antibodies have previously been isolated 
on "the basis of interactions with similar affinities 
(example 23). This association is in within the range of 
a large number of enzyme- ligand interactions suggesting 
40 wide applicability for this approach. 

Table 8 also shows that the infectivity of pnage 
particles expressing enzyme is reduced with compared with 
vector phage particles. This makes .titration of 
infectious particles an inappropriate means of 
4 5 quantitating the number of phage enzyme particles. For 
this reason the number of phage were measured by aot 
blotting and phage were detected with anti-M13 antiserum 
as above. 

Whereas, overall recovery of catalytic activity may 
50 be an important consideration in enzyme purification 
this is not critical with phage-enzymes . Even only 
low levels of phage-enzyme bind to and are specifically 
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eiutec frorr. affinity columns, this will generate cicnes 
which can subsequently be crown up in bulk as phage - 
enzymes or can be transferred rc expression vectors 
yielding soluble products . 
5 Example 33 

PCR Assembly cf DNA encoding Fab Fragments cf an Antibody 
directed against Oxacoione 

Example 25 showed that genes encoding Fab fragments 
could be subcloned into vectors fdCAT2 and pKEKi and the 

10 .protein domains displayed on the surface of phaoe with 
retention of binding function. This example shows that 
the VHCH and VKCK domains can be amplified separately and 
then joined by a linker allowing the expression of the 
light chain as a genelll protein fusion and the VHCH 

15 fragment as a soluble molecule. A functional Fab 
fragment is then displayed on phage by association of 
these domains. The assembly process, described in this 
- example, is required for display of a library of Fab 
fragments derived from the immune repertoire if both 

20 heavy and light chain domains are to be encoded within a 
single vector. 

The VHCH1 and VKCK domains of a construct (example 
25; construct II in pUC19 ) derived from antibody NQ10 
12.5 directed against 2-phenyl-5-oxazolone were amplified 

25 using PCR. For cloning into the vector fdCA~T2 the 
oligonucleotides VH1BACKAPA (example 25) and HuIgGl-4 
CH1FOR (example 40) were used to amplify the VHCH1 
domains. For cloning into pHENl VH1BACKSFH5 (example 25) 
replaced VH1BACKAPA for this amplification. For cloning 

30 into both vectors the VKCK domains were amplified using 
VK2BACK (example 25) and CKNOTFOR (example 40). A linker 
oligonucleotide fragment containing the bacteriophage fd 
gene 8 terminator and the fd gene 3 promoter was prepared 
by amplifying the region containing them from the vector 

2 5 fdCAT2 by PCR using the oligonucleotides. 
VK- TERM -FOR 

5 ' TGG AGA CTG GGT GAG CTC AAT GTC GGA GTG AGA ATA GAA 

AGG 3' (overlapping with VK23ACK [example 14]) 

and 

40 CHI -TERM-BACK . 

5 1 AAG CCC AGC AAC ACC AAG GTG GAC AAG AAA GTT GAG CCC AAA 
TCT AGC TGA TAA ACC GAT ACA ATT AAA GGC 3' (overlapping 
with HuIgGl-4 CH1-F0R) 

Assembly of the Fab fragment from the amplified VHCH1 and 
4 5 VKCK domains and the linker prepared as above was as 
described in example 14E except that the primers 
VH1BACKAPA (when cloning into f dCAT2 ) or VH 1 BACKS FH 5 
( when cloning into pHENl ) and CKNOTFOR were used for the 
final reamplif ication, thereby introducing restriction 
50 sites for cloning into fdCAT2 (Apall-NotI) or pHENl 
(Sfil-NotI) the assembled Fab fragment is shown in figure 
34 . No assembled product was seen in the absence of 
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linker. An assembled scFv prepared according re e>;a— ie 
14 is shown for comparison. 

Phage antibodies were prepared as in example 25 and 
EI-ISA was performed with oxatolone as antigen according 
5 to example 6. Results were as expected for Fab fragments 
cloned in both fdCAT2 and pHENl samples, phage particles 
bound to cxazoione as detected by a positive E1ISA 
signal . 
Example 34 

10 Construction of a Gene III Deficient Helper Phage 

To fully realise the potential of the phacemid 
cloning system, a helper phage lacking gene III is 
desirable. Rescue of gene III fusions with such a helper 
phage would result in all the progeny phagemids having a 

15 gene III fusion on their capsid, since there would be no 
competition with the wild type molecule. 

Control over the number of fusion molecules 
contained on each phage will provide particularly useful. 
For example, a gene III deficient helper phage can be 

20 used to rescue low affinity antibodies from a naive 
repertoire, in which high avidity will be necessary to 
isolate those phage bearing the correct antibody 
specificity. The unmutated helper phage can then be used 
when higher affinity versions are constructed, thereby 

25 reducing the avidity component, and permitting selection 
purely on the basis of affinity. This will prove a 
surprisingly successful strategy for isolation and 
affinity maturation of antibodies from naive libraries. 

The strategy chosen to construct the helper phage 

30 was to partially delete gene III of M13K07 using 
exonuclease Bal 31. However, phage lacking gene III 
protein are non- infective so an E.coli strain expressing 
gene III was constructed. Wild type M13 gene III was 
PCR-amplif ied with primers glllFUFO and glllFUBA, exactly 

35 as described in example. 24. The PCR product was digested 
with Eco RI and Hind III and inserted into Eco RI and 
Hind Ill-cut pUC19 (not a phagemid as it lacks the 
filamentous phage origin of SS DNA replication) under 
control of the lac promoter. The plasmid was transformed 

40 into E.coli TGI, and the resulting strain called 
TGl/pUC19gIII. This strain provides gill protein in 
trans to the helper phage. 

There is a single unique Bam HI site in M13K07, 
which is approximatlely in the centre of gill. Double- 

45 stranded M13K07 DNA was prepared by alkaline lysis and 
caesium chloride centrif ugation ( Sambrook et al, et 
supra. 1989); twenty pg of DNA was cut with Bam HI, 
phenol extracted and ethanol precipitated then 
resuspended in 50yl of Bal 31 buffer ( 600mM NaCI, 20mM 

50 Tris-HCl pH 8.0, 12 mM CaCl 2 , 12mM MgCl 2 and ImM EDTA ) 
and digested for 4 minutes with 1 unit of Bal 31 (New 
England BioLabs ) . This treatment removed approximatley 
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1Kb of DNA. EGTA was added to 20mM and the reacr.cr. 
onenoi extracted and ethanoi precipi-atec p..cr tc 
purification of the truncated genome on an agarose cel. 
The DNA was repaired with klenow enzyme and seif-iicatec 
5 with T4 DNA ligase (New England BioLabs ) . 

Aliquots of the iiaation reaction were transformed 
into comoeteni TGI /pUC19cIII and plated on SOB nediu- 
containing ampicillin at lOOyg/ml and kanamycin at 
50yg/ml. Colonies were screened for the presence of a 

10 deletion by ?CR with primers glllFUBA and KSJ 1 2 
( CGGAATACCCAAAAGAACTGG ) . 

KSJ 12 anneals to gene VI which is immediately 
downstream of gill in the phage genome, so distinguishing 
gill on the "helper phage from that resident on the 

n 5 plasmid. Three clones" gave tructated PCR products 
corresponding to deletions of ca. 200, 400 and 800bp. 
These clones were called M13K07 gill A Nos 1, 2 and 3 
respectively. No clones were isolated from the earlier 
Bal 31 time points, suggesting that these are in some way 

20 lethal to the host cell. Several clones were isolated 
from later time points, but none of these gave a PCR 
product, indicating that the deletion reaction had gone 
too far. 

K13K07 .gill A No.s 1,2 and 3 were cultured and the 

25 resulting helper phage tested for their ability to rescue 
an antibody gill fusion ( scFv D1.3) by ELISA, exactly as 
described in example 18. As shown in figure 37, only one 
clone, M13K07 .glllA No3 was found to rescue the antibody 
well; in fact' the sicnal using this helper was greater 

30 than that observed with the parent M13 K07 . M13K07 gl^IA 
No3 rescued phagemids should have a much higher density 
of antibody fusions on their surfaces. That this was 
indeed the" case was demonstrated when the phage used in 
this ELISA were analysed by Western blotting with anti 

35 gill proteii> antiserum (fig. 38). This analysis enables 
estimation of the amount of gill fusion protein versus 
free gill protein present on the phage(mid) particles. 

Only a minute fraction of the gill protein on the 
M13K07-rescued material is present as an intact fusion 

40 (fig 38). The fusion protein band is induced by IPTG, so 
is indisputably that synthesised by the phagemid. As 
expected, even when the lac promoter driving gill fusion 
protein synthesis is fully induced ( lOOviM IPTG), wild 
type gill protein, at a lower copy number and driven from 

45 a far weaker promoter, predominates. This is in contrast 
to the pattern generated by the same clone rescued with 
M13K07 .gIII/\No3, and the pattern generated by fd CAT2- 
scFv D1.3. In both of these latter cases, there is no 
competition with wild-type gill and the fusion protein 

50 band is correspondingly stronger. 

It is worthy of note that construction of M13K07 
gill L\ No3 was immensely inefficient: one clone from 20pg 
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c- smarting DNA. Moreover, the yield c: ell- ne^per 
phage from overnich' cultures is extremely low ca._C- 
c-'u/ml compared with ca. 10" cfu/ml for the parents: 
phage. Despite this. M13KC7 gill Nc3 rescues the 
phaoemid as well as the parental phage, as iucgec by the 
number of phagemid particles produced after cverr.icn: 
Growth. This indicates that trans replication anc 
packaging functions of the helper are intact and suggest 
rhat its own replication is defective. Hence it may be 

10 that inactivation of gill is normally toxic to the host 
cell, and that M13K07 gIIlANo3 was isolated because of a 
compensating mutation affecting, for example, 
replication. Phage fd-tet is unusual in that it 
tolerates mutations in structural genes that are normally 

15 lethal to the host cell, since it has a replication 
defect that slows down accumulation of toxic phage 
products; M13K07 glllA No3 may also have such a defect. 

M13K07g IIIA No 3 has been deposited at the National 
Collection of Tvpe Cultures, 61 Colindale Avenue, London, 

20 NW9 6HT, UK (Accession No. NCTC 12478). On 28 June 1991, 
in accordance with the regulations of the Budapest 
Treaty- It contains a deletion of the M13 genome from 
bases 1979 to 27 68 inclusive (see Van Wezenbeek, P.G.M.F. 
et al.. Gene II pl29-148, 1980 for the DNA sequence of 

25 the M13 genome). 
Example 35 

Selection of bacteriophage expressing scFv fragments 
directed against ivsozvme from mixtures according to 
affinity using a panning procedure 

30 For isolation of "an antibody with a desired •'high 

affinity, it is necessary to. be able to select an 
antibody 'with only a few fold higher affinity than the 
remainder of the population. This will be particularly 
important when an antibody with insufficient, affinity 

3 5 has been isolated, for example, from a repertoire derived 
from an immunised animal, and random mutagenesis is used 
to prepare derivatives with potentially increased 
affinity. In this example, mixtures of phage expressing 
antibodies of different affinities directed against hen 

40 egg lysozyme were subjected to a panning procedure. It 
is demonstrated that phage antibodies give the ability to 
select for an antibody with a K d of liiM against one with 
a K d of 13nM. 

The oligonucleotides used in this example are shown 
45 in the list below: 



50 



VHBHD13APA 


: 5 ' - 


CAC 


AGT 


GCA 


CAG 


GGT 












VKFHD13 


: 5 ' - 


CGG 


TGA 


CGA 


GGC 


KD13BLIN 


: 5' - 


GGG 


GTC 


AGG 


GCA 


KD13FLIN3 


: 5 ' - 


TGG 


GCT 


CTG 


GGT 


VK3HD13 


: 5 ' - 


GAC 


ATC 


CAG 


ATG 



: CAA CTG CAG GAG AGC 

CTT GAC CCC 
TCG TCA CCG 
CTG GAT GTC CGA T 



WO 92/01047 



PCT/GB91/0U34 



100 

VKFHD13N0T : 3'- GAG TCA TTC TGC GGC CGC ACG T?T G A 

CAC CTT GGT CCC 

MURD13SEQ : 5'- GAG GAG ATT TTC CCT GT 
HUMD13SEQ : 5 ' - TTG GAG CCT TAC CTG GC 
5 FDPCRFOR : 5'- TAG CCC CCT TAT TAG CGT TTG CCA 
r DFCRBAK : 5'- GCG ATG GGT GTT GTC ATT GTC GGC 

Phage displaying scFv fragments direcred aoainst lysc-vme 
were derived from cloned Fab fracments in plasmids" 

10 Heavy and light chain "variable regions" we-e 

amplified by the polymerase chain reaction ( PCR ) from 
plasmids containing humanized VK-CH1 or VK-CK nse-~s 
suitable for production of Fab fragments (gift "of" J 
Foote). The dissociation constant, Kd for different 

15 combinations of the two plasmids combined as Fabs 'are 
shown below: 

Heavy Chain Plasmid Light Chain Plasmid Kd 

HuH-l HuK-3 52 nM 

7n " U ""i HuK-4 180 nM 

20 H "H~2 HuK-3 13 nM 

Primarv^CR ""^ ( not determined ) 

The primary PCR of the variable regions was 
performed by combining the followina: 
25 36.5 ul Water 

5 pi PCR buffer ( lOx ) 
2 pi dNTP (5mM) 

2.5 pl Back oligo (10 pmoles/ul ) (VHBHD13APA or VKBHD13 ) 

30 VKFKD?3N0T r )° rWard ° li9 ° ( 10 P moles /"l > (VHFHD13 or 

The reaction is decontaminated by uv irradiation' to 

SSrSd^'?? 1 ? 11 D ^ A ^ f ° r 5 minutes ' and 1 Ul of plasmid 
DNA added (0.1 ug/pl ) . The per mixture was covered with 

^ L^°5 S ° Puffin oil. and placed on the per block at 
It* , 5 m ~ nuves before the addition of 0.5 ul of Tao 

DNA polymerase under the paraffin. The cycling 
conditions used were 94 «C 1 min. 40'C 1 min, 72'C 1.5 rain 
17 cycles. 

40 r^Kn 1 t nker , (G1 y4-Ser) 3 , was amplified from the anti- 

4U phOx (2-phenyloxazol-5-one) clone fd-CAT2-scFv NQ11 
using the oligos HD13BLIN and HD13FLIN3, with O.lug of 
plasmid DNA. The PCR cycling used was 94'C 1 min 25 -c 
1.5 min, for 17 cycles. 

=, ^ Amplified DNA was purified by running the samples on 
a low melting point agarose gel at 90 mA, excising the 
appropriate bands and extracting the DNA using the 
Geneclean II Kit (BIO 101 Inc.) for the VH and VK, or by 
using Spin-X filter units (Costar) for the linker. A 
50 DNA volume of 10 Ul was used to resuspend the extracted 
PCR Assembly 

Assembly of the four single chain Fv Humanized D1.3 
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(scFv KuD1.3) constructs was by the process c: 1 asse.-.ciy 
by overlap extension ' example 1-4. 
The following were combined: 
34.5 pi Water 
5 5 pi PCR Buffer (lOx) 
2 pi dNTP (5 mM) 

2.5 pi Back oligo (10 pmoles/pl) ( VKSHD13AFA ) 
2.5 pi Forward oligo (10 pmoles/pl) (VKFHD13N0T) 

Once again, the reaction is decontaminate by UV 

10 treatment for 5 minutes before the addition of 1 pi of 
the primary PCR products; VH-1 or VH-2, VK-3 cr VK-4, 
plus the linker DNA. The reaction was covered with 2 
drops of paraffin, and heated at 94 *C for 5 minutes 
before the addition of 0.5 pi of Tag Polymerase. The PCR 

15 cycling conditions used were 94 *C 1 min, 60 *C 1.5 min, 

72*C 2.5 min for 20 cycles. 

The aqueous layer under the paraffin was extracted 
once with phenol, once with phenol: chloroform, once with 
ether, ethanol precipitated, and resuspended in 36 pi of 

20 ' water . To this was added, 5 pi of lOx Buffer for Notl, 5 
pi 1 mg/ml BSA, and 4 pi (40 U) of Notl (New England 
Biolabs ) . The restriction was incubated at 37 *C 
overnight. 

The DNA was ethanol precipitated and resuspended in 
25 36 pi of water, and 5 pi lOx NEB Buffer 4, 5 pi 1 mg/ml 
BSA, and 2 pi ( 40 U ) of ApaLI (New England Biolabs ) . 
This was incubated at 37 °C for 5 hours; a further 2 pi of 
ApaLI was added and the reaction incubated at 37 *C 
overnight. 

30 The cut DNA was extracted by gel purification on a 

1.3% low melting point agarose gel followed by treatment 
with Geneclean, to yield the insert DNA for cloning. 

Vector fd CAT2 (prepared and digested with ApaLI and 
Notl as in example 20 ) and the scFv DNA were ligated as 

35 in example 20. 

Analysis Of Clones 

Colonies from the ligations were first screened for 
inserts by PCR screening The PCR mixture was prepared 
in bulk by combining 14 ."8 yL lx PCR Buffer, 1 pi dNTP ( 5 

40 mM), 1 pi Back oligo (FDPCRBAK), 1 pi Forward oligo 
(FDPCRFOR), and 0;2 pi Taq polymerase per colony 
screened. 20 pi of this PCR mixture was aliquoted into a 
96 well Techne plate. The top of a colony was touched 
with a toothpick and twirled quickly into the PCR mixture 

45 and the colony rescued by placing the toothpick in a 
Cellwell plate (Nunc) containing 250 pi of 2x TY medium. 
The PCR mixture is covered with 1 drop of paraffin and 
the plate placed on the block at 94 *C for 10 minutes 
before cycling at 94 *C 1 minute, 60*C 1 minute, 72*C 2.5 

50 minutes. 

The clones thus derived were named as below. The 
affinity of scFv fragments derived the Fab fragments was 
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nor deienninec but previous results suggests that tr.ese 
are cioselv related although net necessarily identical 
(R.E. 3ird \ 5 . W . Walker TISTECH 9 132-127, 19*91). 

5 Construct Affinity 

Name Composition of Fab ( Kd ) 

TP31 Vn-HuH2-(Gly 4 -Ser ) 3 -VK-HuK3 12 nM 

TPB2 VH-HuHl- ( Gly 4 -Ser ) ~ -VK-HuK4 18C n>: 

10 TF33 VK-HuH2- ( Gly 4 -Ser ) 3-VK-HUK4 ( Unknown ) 

TPB4 VK-HuHl-(Gly 4 -Ser ) 3 -VK-HuK3 52 nM 

Preparation of phage and ELISA was as described in 
example 6 . The clones generated in f d CAT 2 were snown to 
15 bind lysozyme as expected. 
Affinity selection 

Selection of Highest Affinity Binding Phage - 

Mixing experiments were performed in which fd -CAT 2 
scFvDl . 3 phage (example 19) were mixed with either fd- 

20 CAT 2 TPB1 , fd-CAT2 TFB2 , or fd-CAT2 TKPB4 , and used in 
one round of panning. 

The general method used for affinity selection by 
panning is that detailed below. Any deviation from this 
protocol is described at the relevant point. Panning 

25 plates were placed on a rocking platform between 
manipulations . 

Falcon 3 5 nun Tissue Culture dishes were coated 
overnight with 1 ml of Lysozyme (various concentrations) 
dissolved in 50 mM Sodium Hydrogen Carbonate, pH 9.6, and 

30 blocked with 2 ml 2% MP3S at room temperature for, 2 
hours. Phage were prepared in 1 ml 2% MPBS and rocked' at 
room temperature for 2 hours. Plates were washed for 5 
minutes with 2 ml of the following solutions; 5 times 
with PBS, PBS-Tween, 50 mM Tris-HCl, pH 7.5; 500 mM 

35 Sodium Chloride, 50 mM Tris-HCl, pH 8.5; 500 mM Sodium 
Chloride, 50 mM Tris-HCl, pH 9.5; 500 mM Sodium Chloride, 
50 mM Sodium Hydrogen Carbonated, pH 9.6; 500 mM Sodium 
Chloride. Phage were then eluted by adding 1 ml 100 mM 
Triethylamine and rocking for 5 minutes before removing 

40 the eluate which was neutralised with 100 pi 1.0 M Tris- 
HCl, pH 7.4. 

Plates were coated overnight with Lysozyme at the 
concentration listed below. 

Colonies from the single round of canning were 
45 probed with either MURDSEQ (for fdCAT2 scFvD1.3) or 
HUMD13SEQ (for fdCAT2 TPB constructs). 

Circles of nitrocellulose (Schleicher & Schuell, BA 
85, 0.45 \im) were labelled in pencil and lowered gently 
onto the colonies derived from the panning experiments 
50 and left for one minute. The filters were then pulled 
off quickly from one edge and placed colony side up on a 
piece of 3MM paper (Whatman) soaked in Denaturing 
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solution (500 mM Sodium Hydroxide; 1.5 M Sodium Chloride: 
for 5 minutes . They were rhen transferred to 3 MM soaked 
in Neutralizing Solution (3-0 M Sodium Chloride; 500 mM 
Tris-HCl , pK 7.5) for 1 minute, and then to 3 MM soaked ir. 
5 5x SSC; 250 mM Ammonium Acetate for 1 minute. The 
filters were then air cried before baking in an 50° C 
vacuum oven for 30 minutes. 

The oligonucleotide probe was prepared by combining 
the following: 
10 2 pi oligonucleotide (1 pmoles/pl) 

2 \il ^ -32P ATP (3000 Ci/mmole) (Amersham International 
pic) 

2 ul 10 x Kinase buffer (0.5 M Tris-HCl, pH 7.5; 100 mM 
Magnesium Chloride; 10 mM DTT ) 

15 12 jal Water 

2 pi Polynucleotide Kinase (20 Units) 
This was incubated at 37 *C for 1 hour. 

Hybridization was performed in the Techne HB-1 
Hybridiser. The baked filters were pre-hybridized at 

20 37*C in 40 ml of Hybridization Buffer (10 ml 100 mM 
Sodium pyrophosphate; 180 ml 5.0 M Sodium chloride; 20 ml 
50x Denharts Solution; 90 ml 1.0 M Tris-HCl, pH 7.5; -24 
ml 250 mM EDTA; 50 ml 10% NP40; made to 1 litre with 
water; 60.3 mg rATP; 200 mg yeast RNA (Sigma) ), for 15 

25 minutes before the addition of the 20 \il of the kinased 
oligo. The filters were incubated at 37 *C for at least 
one hour, and then washed 3 times with 50 ml of 6x SSC at 
37 *C for 10 minutes (low stringency wash). Filters were 
air dried, covered with Saran wrap and exposed overnight 

30 with Kodak X-AR film. 

Selection of fd-CAT2 scFv D1.3 from fd-CAT2 TPB4 

Figure 39, summarizes the results from panning 
experiments using a mixture of the high affinity fd-CAT2 
scFv D1.3 phage (Kd-2 nM ) and the fd-CAT2 TPB4 construct 

35 (Kd-52 nM). 

At a coating concentration of 3000 pg/ml Lysozyme, 
little or no enrichment could be obtained. It was 
however, possible to get enrichment for the scFv D1.3 
phage when a lower concentration of Lysozyme was used for 

40 coating the plates. . The best enrichment value obtained 
was from 1.54 Jd -CAT2 scFv D1.3 in \-he starting mixture, 
to 33% fd-CAT2 scFv D1.3 in the eluted faction, on a 
plate coated overnight with 30 pg/ml Lysozyme. 
Selection of fd-CAT2 scFv D1.3 from fd-CAT2 TPB1 

45 Enrichment for the high affinity scFv D1.3 phage 

over the fd-CAT2 TPB1 phage (Kd-13) nM, could only be 
shown from experiments where the plates had been coated 
overnight with low concentrations of Lysozyme, as shown 
in Figure 40. 

50 In summary, single chain Fv versions of a series of 

humanized Dl . 3 antibodies have been constructed in phage 
fd-CAT2. By affinity selection of fd-CAT2 phage 
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mixtures , by panning in small petri d±shes, it was shown 
the*: the high affinity scFv CI. 3 phage, could be 
preferentially selectee for against a background cf lower 
affinity scFv KuDl . 3 phage. 
5 Example 36 

Expression of Cat aly t ically Active Staphylococcal 

Nuclease on the Surface of Bacterupnage fc 

Examples 11 and 12 showed that alkaline phosphatase 

from E.coli can be expressed as a cat aly t ically active 
10 enzyme on the surface of bacteriophage fc. Here we show 

that Staphylococcal nuclease can also be expressed in a 

ca t alytically active form suggesting that this 

methodology may be general - 

• The gene for the enzyme Staphylococcal nuclease 
15 ( SNase ) was amplified from M13 mp!8 - SNase ( Neuberger , 

M.S. et al Nature 312 604-608, 1984) by PCR using primers 

with internal ApaLl ( 5 1 - 

GG A ATTCGTGCACAGAGTGC A ACTTCAACTAAAAAATTAC- 3 ' ) and Not ! 
(5'- 

20 GGGATCCGCGGCCGCTTGACCTGAATCAGCGTTGTCTTCG-3 ' ) restriction 
sites, cloned into phage vector fd-CAT2 after digestion 
with ApaLI-NotI restriction enzymes and the nucleotide 
sequence of the SNase gene and junctions with gene III 
checked by DNA sequencing. The fd-tet-SNase phage was 

25 prepared from the supernatant of infected E.coli TGI 
cultures by three rounds of PEG precipitation, and the 
fusion protein demonstrated by SDS-gel electrophoresis 
and Western blotting using rabbit anti-g3p antiserum 
(Prof. I. Rasched, Konstanz ) and peroxidase-labelled goat 

30 anti-rabbit antibodies (Sigma) (Fig. 41) as described in 
example 27. As well as the fusion protein band 
(calculated Mr 59749, but runs at a higher position due 
to the aberrant g3p behaviour), a smaller (proteolytic 7) 
product is seen. 

35 The fusion protein was shown to be catalyticallv 

active by incubation of the fd-tet-SNase phage (4 x 10 9 
tetracyclin resistant colonies [TU] ) with single stranded 
DNA (1 yg ) for 1 hr at 37 'C in the presence of Ca2+, and 
analysis of the digest by agarose gel electrophoresis 

40 (Figure 42). Nuclease activity was not detected with the 
parent fd-CAT2 (2 x 10 1C TU ) phage alone or after three 
rounds of PEG precipitation of mixtures of fd-CAT2 (2 x 
10 10 TU) with SNase (0.7 \\g ) . Thus the nuclease activity 
results from the display of the enzyme on the surface of 

45 the phage and not from co-precipitated or soluble SNase 
set free by degradation of the fusion protein. The 
nuclease activity of fd-tet-SNase (Figure 42) lies in the 
same order of magnitude , ( 2 x 10^ TU and assuming three 
copies of SNase per TU ) as an equimolar amount of SNase 

50 (0.03 ng or 10 9 particles), and like the authentic SNase 
was dependent on Ca fc +, since incubation with 40 mM MgCl 2 
and 25 mM EGTA blocked activity (not shown). 
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Example 37: Display cf the Two Aminoterminal Domains c: 
Human CD4 on the Surface of fc Phaoe 

The protein CD4 , a memoer of the immunoglobulin 
superf amily , is a cell surface receptor involved in MKC 
5 class II restricted immune recognition. It is also 
recognised by the protein gpl20 derived from the human 
immunodeficiency virus (AIDS virus). The first two 
domains (named VI and V2, residues 1-178) of the surface 
antigen CD 4 were amplified from pUC13-T4 (gift from T. 

10 Simon) containing the human cDNA of CD4 , by PCR using 
primers with internal ApaLI ( 5 ' -GGA ATT C GT GCA C AG AAG 
AAA GTG GTG CTG GGC AAA AAA GGG G-3 ' ) and NotI ( 5 ' -GGG 
ATC C GC GGC CGC AGC TAG CAC CAC GAT GTC TAT TTT GAA CTC- 
3') restriction sites- After digestion with these two 

15 enzymes, the PCR-product was cloned into f dCAT2 , and the 
complete nucleotide sequence of the CD4-V1V2 DNA and 
junctions with gene III checked by dideoxy sequencing 
using oligonucleotides fd-seql (5* -GAA TTT TCT GTA TGA 
GG), CD4-seql ( 5 ' -GAA GTT TCC TTG GTC CC-3 ' ) and CD4-seq2 

20 (5* -ACT ACC AGG GGG GCT CT-3 ' ) . In the same way, a fd- 
CD4-V1 version was made, linking residues 1-107 to the N- 
terminus of oene III, using previously mentioned primers 
and oligonucleotide 5 1 -GGG ATC CGC GGC CGC GGT GTC AGA 
GTT GGC* AGT CAA TCC GAA CAC-3 ' for amplification, PCR 

25 conditions and cloning were essentially as described in 
example 15 except that digestion was with ApaLI and NotI 
(used according to the manufacturers instructions). 

Both fd-CD4-Vl and fd-CD4-VlV2 phages were prepared 
from the supernatant of infected E.coli TGI cultures by 

30 three rounds of PEG precipitation, thereby concentrating 
the sample 100-fold for ELISA analysis. The fusion 
protein was detected in a Western blot (results not 
shown) with a rabbit anti-gene III antiserum, and 
revealed bands of the expected size. 

35 Binding of the CD4 moiety to soluble gpl20 

(recombinant KIV-IIIB gp!20 from CHO cells, ADP604, 
obtained from the Aids Directed Programme, National 
Institute for Biological Standards and Controls, South 
Mimms, Potters Bar, UK) was analysed in an ELISA, using 5 

40 yg/ml gpl20 for coating (overnight, in PBS). Anti-M13 
antiserum was used to detect bound phage; all other 
conditions were as in Example 9 . Figure 43 shows the 
ELISA signals of wild-type phage (fd-tet) and both CD4- 
phages. Both CD4-phages can bind gpl20, but fd-CD4-VlV2 

45 binds much stronger to gpl20 than fd-CD4-Vl. The binding 
competitors, soluble CD4 (recombinant soluble CD4 from 
Baculovirus, ADP 608; from the AIDS Directed Programme) 
(25 yg/ml) or soluble gpl20 (20 yg/ml), added together 
with the 50 yl phage stock sample during the ELISA, 

50 decreased the signal to background level. These results 
indicate that phage binding to gpl20 is mediated by the 
CD4 molecule displayed at its surface, , and that binding 



WO 92/01047 



rcr/GB9i/on^ 



10 



106 

is stronger when the two anincterrr.ir.al domains c: C=?4 are 

presented. _ .--%---> 

Thus, CD-I is a cell surrace receptor ir.plec-.e w..__ 

is active when displayed on bacteriophage r=. - Ke 

PDGF-5B receptor, the functional display c: wr.icr. 

desc-bed in examoies 15 and 16. CD4 is a member c: -he 

<mmunociobulin superfamiiy and this result suggests tr.at 

this class of molecule may be generally su-tasle 

d-spiav on the surface of phage. 

Examole 3 6 Generation and Selection of Mutants o: — an 

Anti-4-hvdroxv-3-nitroDhenvlaceti c acid ( NP ) Ar.tibocy 

;Wpssed o n Phage using Mutator st rains 

Y= — will sometimes be desirable to increase the 

diversity of a pool of genes cloned in phage, for example 
i= a oool of antibody oenes, or to produce a large number or 
~~ variants of a single .. cloned, . gene. . There are many 
su- table in vitro mutagenesis methods. However, an 
attractive method, particularly for making a more diverse 
population of a library of antibody genes is to use 
20 mutator strains. This has the advantage of generating 
very large numbers of mutants, essentially limited only 
by the number of phage that can be handled. The phage 
displav system allows full advantage to be taken of this . 
number* to isolate improved or altered clones. 

Nucleotide sequences encoding an antibody sc. v 
fragment directed against 4-hydroxy-3-nitrophenylacetic 
acid (NP), scFvB18. derived as in example 14 from , a 
monoclonal antibody against NP were cloned into *fCATZ 
using ApaLI and Notl restriction sites as in example 11 
to create f dCAT2scFvB18 or into fdDOGKan ( f dCAT2 with' its 
tetracycline resistance gene removed and replaced by a 
kanamycin resistance gene) using PstI and Notl 
restriction sites to create fdDOGKanscFvBIS or into the 
phaoemid vector pHENl using the restriction sites Sfil 
25 and" Notl as a fusion protein with gene III to create 
pHENlscFvB18 . f D T 

The followinc mutator strains (R. M. Schaaper & R-L. 
Dunn J. Mol. Biol. 262 1627-16270, 1987; R. M Schaaper 
PrSS. Natl. Acad. Sci . U.S.A. 85 8126-8130 1988) were 

40 NR9232: ara. thi , mutDS- zaf 13 : : TnlO , prolac, F'prolac 

NR9670: ara, thi, azi. mutTl, leu: : TnlO, prolac 

NR9292: ara, thi, mutHlOl. prolac, F'prolac 

NR9084: ara, thi. mutTl, azi. prolac, F prolacl Z AM15 

45 NR9046: ara, thi, supE, rif , nalA, metB, argE(am), 
prolac . F'prolac _ _ 

were kind gifts of Dr. R. M. Schaaper (Department of 
Health & Hainan Services, N1H, PO Box 12233, Research 

50 Triangle Park, N.C: 27709) 

NR9046mutD5: NR9046 mutD5::Tnl0 
NR9046mutTl: NR9046 mutTl : :Tnl0 
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ae re con«ru«.d by PI ^*™~™^:£g£L£t™l* 

by PEG P^P"*"^- v J?!iodc-Sni?rophenylaceTi= acic>- 
a lml NIP (4-hycroxy jf 10 ° c . =' / ed aC cordina to the 
BSA-Sepharose J^g^^SSnS^with 200.1 of PBS 
manufacturers ms L^f™g| P Phag e were loaded on the 
10 and blocked by 20mi "^f 5 ^^ 9 roa1:erial reapplied t= 
column in 10ml MPBS _ ana u column was subsequently 

ensure complete buidxng. The co pss ^ e bound 

r 0 S tb d e ST^^rSTUr^ with 5 column volu.es 

1S of 0.33 mM "Yl^ v { as7nc****** for 30min to Ih with log. 

"TSuS ^cells/ml) ^ coli mutator strains without 
phase (2x10 celis/mx; infected cells were then 

Sntibiotic se^ecrxon. The xnfe ct ^ ^ ± 

diluted 1:100 « "^in or 30ug/ml kanamycm for 

f 217 eSrur. was used for another round of af.imty 

selection and mutation. . assaved bv ELISA as 

Binding of phage antibodies coa1:ed with 

25 in example S 'except that ELISA P£^££ etyl . B SA: 0.4 

NIP-BSA ( 4 - h y droxv - 3 "j"^° a 5 nrs „ere prepared following 
mg /ml). Cul^e supernaranrjj were ^jp^ ^ ^ 

orcSture^-aiant wadded to each well diluted, to 
30 2 00.1 p with MPBS. es |^ E i^ no 3 n- 

rwice the background were ^^^^ ^ Q l-BS^ (example 
specific binding against lyso-ym ^ con£ irmed by an 

background level. „„ cir , ve signals in ELISA were 

Phage giving P OSi *-^* were su bcloned into 

J 9 Hi '^erent mutants weie ^>^*^w . . . «> _ 

40 sequenced and 2 d- V* a nsf ormed into HB2151 for soluble 
pHENl Ph^id and ^ - a ^°™ Laplay (example 27). 
expression and TGl^or phag scFv fragments 

transxormants P in E.coli HB21 51 were grown at 37 C « 
4 5 . Stre 2xTY, 0.2% glucoe , 0^mg/m IpHS^VLiduced by 
^^^"S/ f cSSSl « shfken at 30-C for 

l6h * soluble .cFv.l«J«^-S^^: 

50 bacterial supernatant in a FLOWGcN 

to a volume of 200ml. Mece »rt two times over a 2ml 

The concentrate was passed two 
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column of NIr-BSA-Sepharose prewashed with 200rr.i c: rrS . 
The column was washed with 300-1 c: ?BS and 200ml c: C . IN. 
Tris pH7.5, 0 . 5M NaCI and phage antibodies eiutec with 
50mM Citrate buffer pK2.2. * The eiuate was immediately 
3 neutralised with IMTris pH6. The eiuate was dialysed 
against two changes of 1 litre PBS , C . 2m. M . EDTA . 
Precioitated Drotein was removed by centrif ugation at 
lOOOOg and protein yield was determined by measuring the 
absorbance at 280nm of the supernatant. 

20 After 4 rounds of mutation and selection, isolated 

clones were screened and in one or two rare examples 
strongly positive ELISA signals were obtained from phage 
antibodies derived from the mutation of each of 
f dCAT2scFvB18 and f dDOGKanscFvB 1 8 in the ELISA. The 

15 ELISA conditions were such thai: the parent phage 
f dCAT2scFvB18 only generated weak signals. These phage 
antibodies giving strongly positive ELISA. signals were 
enriched in further rounds by a factor of roughly 2.5 per 
round. Forty phage antibodies giving strongly positive 

20 signals were sequenced and they each displayed single 
mutations in six different positions in the scFvB18 
nucleotide sequences, five of which reside in the light 
chain. More than 70% of the mutations occurred at 
positions 724 and 725 changing the first glycine in the J 

25 segment of the light chain (framework 4) to serine (in 21 
cases ) or aspartate ( in 3 cases ) . The mutations found 
are shown in Table 9 . The sequence of scFvB18 is shown 
in Figure 44. 

The nucleotide sequences encoding the scFv fragments 
30 of a framework mutant with the above glycine to serine 
mutation, as well as a mutant where Tyr in the CDR3' of 
the light chain had been mutated to aspartate, were 
amplified by PCR from the phage antibody clones and 
subcloned into pKEKl phagemic (essentially as in example 
25 25). This avoids possible problems with genelll 
mutations caused by the mutator strains. The same 
pattern of ELISA signals was seen when the mutants were 
displayed on phage following rescue of the phagemid with 
helper phage (as described in example 25) as when the 
40 mutants were assayed when expressed from the phage genome 
as above. 

The scFv fragments from scFvB18 and the scFv 
fragments containing the glycine to serine and tyrosine 
to aspartate mutations respectively were expressed in 

45 solution (following transformation into E.coli HB2151 as 
in example 27) at 30 # C. They showed no differences in 
the ELISA signals between wild-type B18 and the framework 
mutant. The signal obtained from the phage antibody with 
the Tyr mutated to aspartate in CDR3 of scFvB18 was about 

50 lOx stronger. Expression yields were found to be 
comparable as judged by Western blotting using an 
antiserum raised against g3p (as described above). 
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Affinity measurements were performed usir.; :.ucrescer.ce 
cuencninc as describee in example 22. Amr.i.y 
measurement c: affinity purified scFv fragments r.owever 
showed scFvElB. and the scFvBIS v G 1 y - > - e r * -nc 
scFvSlBf Tyr - > Asp ) mutants ail to have ? ::...ca:-:.e 
of 20nM for NIP-CA?. 
A Western blot using an enti-genelll antibody sncwec 
"rhe framework mutant had suffered significantly less 
proteolvtic cleavage than scFvElS. 

1 n ' Hence, the use of mutator strains generates a 

diverse ranae of mutants in phage antibodies wnen they 
are used as" hosts for clones for gene III fusions. In 
this case some of the clones exhibit higher ELISA signals 
probablv cue to increased stability to proteolyic attacx. 

15 The mutator strains can - therefore be used to introduce 
diversity into a clone or population of clones. This 
diversity should generate clones with desirable 
characteristics such as a higher affinity or specificity. 
Sucn clones may then be selected following display of the 

20 proteins on phage. 

Example 39 Expression of a Fv Fragment on the Surrace or 
Bacteriophage bv Non-Covaient Association of VH and VL 
domains 

This example shows that functional Fv fragments 

2 5 can be expressed on the surface of bacteriophage by non- 

covalent association of VH and VL domains. One chain is 
expressed as a gene III fusion and the other as a soluble 
poivpeptide. Thus Fv fragments can be used for all,, the 
strategies discussed for " Fab fragments including dual 
20 comoinatoriai libraries (example 26). 

A useful cenetic selection system for stably 
associated Fv fragments could be established if the 
expression of Fv fragments as fusion proteins on the 
phaoe surface would be possible sucn that one V. domain is 
2 5 fused to the oene III protein and the other V domain is 
expressed separately in secreted form, allowing it to 
associate with the V domain on the 'fusion protein 
provided the interaction strength is sufficiently high. 
This idea was tested in a model experiment using the V 
40 domains from the anti-hen egg lysozyme antibody D1.3 bv 
fusing the D1.2 VK gene to gene III and separately 
expressing the D1.2 vk domain. 

Experimental lv this was achieved as follows: The 
vector *fd-DOGl was" digested with the restriction enzymes 
4 5 ?stl and Xhol - From the F v expression plasxnid ?SW1- 
VHDl.2-VKDl.3mvc version 3/pUC119 (Ward et ai • . 1989 
supra) a ?st 1/Xho I-dioested restriction fragment was 
isolated that carries the VH domain coding sequence 
(terminated by 2 stop codons ) , a spacer region between VH 
50 and VK cenes including a ribosome-binding site ror 
expression ox the VK oene, a pei3 leader sequence, ana. 
following in frame. the VK gene. This fragment was 
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--cr.ee into zne c:ces:ec zz-DCG vector tr generate :r.e 

"he c:c:s:rcr.:c VH /VK-cene III cperc?. is rrar.scrirec f rcrr. 
*.ie gene III ;rcir,oier; secreiicr. cf the VH ccnair. is 
r acr.ieved by me gene III prctein leader, secreticr. cf me 
VK-cenelll fusion cro:s:r. by the peiE leader secuer.es. 
"or control purposes a second construe* virr. tr.e r.arr.e 
"£t Fv 21.2 \j\ S-Stuf f er ; was made by a similar route as 
described aoove: tne VH used in "his construct carries an 

1C insertion cf a 200 bp fragment in the Stv 1 restriction 
site at tne junction of VH CDR 3/FR4 , thus interruotmc 
the VH with several in frame stop codons . It is known 
from previous work that this insertion sufficiently 
disrupts the VH structure to abolish binding to tne 

15 antigen iysozyme when expressed either as a soluble Fv cr 
sincie-cnain Fv fragment or as a single-chain Fv fraament 
cn phage surface . This construct was used as a control . 
7G2 bacteria carrying either the fd-tet Fv Dl . 3 , fd-tet 
Fv D1.2 (i:S-Stuf f er ) or as single-chain wild-type control 

20 fd-tet scFv Dl . 3 piasmids were grown in liquid culture 
(medium 2xTY containing 15 pg/ml tetracycline") for 24h to 
produce phage particles in the supernatant. After 
removal of bacterial ceils by centrif ugation the phage 
titer in the supernatants was determined by re-infecting 

25 exponentially growing TGI cells with dilutions of the 
supernatants and scoring tetracycline- resist ants colonies 
after plating on tetracyciine-plates • The infectious 
phage titers acnievec were IxlO 11 tetR transducing 
units /ml for the single-chain wild-type control fd-tet 

20 scFv D1.2 and 2xIC xu tetR transducing units/ml for ( fv 
phage constructs fd-tet Fv D1.2 and fd-tet Fv Dl . 3 (AS- 
Stuf f er J . 

ZL2SA of hen egg lysozyme was performed as in example 2. 

The results are snown m Fig. 46. Phage derived from 

— -actena carrying and expressing the Fv construct fd-tet 
rv Dl . 3 bind to tne lmmooiiised hen egg iysozyme, and 
when taking the pnage titer into account, indeed 
apparently better than the single-chain Fv bearing phages 
produced by fd-tet scFv D1.3 carrying bacteria. The 

40 specificity of the reaction and the requirement for a 
functional VH domain is demonstrated by the fd-tet Fv 
01.3 (/\ S-Stuf f er ) control m which disruption of the VH 
domain and consequently of the Fv fragment association 
eliminates binding to lysoryme. 

"* D As a final control of the expected structure of the 

. VK/geneIII fusion protein a Western Blot was carried out. 
20 ui of phage suspensions concentrated 100 fold by two 
sequential precipitations with PEG were applied to a 10% 
SDS-PAGE gel. electropnoret ically separated and then 

50 transferred to a PVDF membrane ( Immobilon, Millipore ) in 
a semi-dry Western transfer apparatus (Hoeierj. 
Remaining binding sites on. the filter were blocked bv lh 
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T-: srotem sccompiishec by — ~ w - eve — • 

c-- lured raobi-. anti-genel-I antiserum . = ^ZlZZ 

Sashes in ?as/0.1% Tween 20. incuaa^on with pe.-x^c-se 
-Smuoated coat anii-ra: inununociobunr. =n w^.es 
~aines and deveicoment with the cr.romogemc s.cs a e 
-asnes. = - ■ ,r-^,r- 1 ^ /o 03% riOi The Fv cnace :c-tet 
C-- 3 vieids a band far the gene ;i: rusion ... = .e-.. 
'(data "not shown), that is intermediate in size oetween 
ine band, obtained for a wild-type gene III 
-d-DOGl and the scFv-gene III fusion protein iron - = ""t 
scUv D1.3. thus oroving the presence or = Sina .t- 
immunoglobulin domain covalently fused to the cene 
oroduct int he Fv phage. . . , „„„ 

? in summary. Fv-gene III - fusions m ^ ^ 

domain - s fused to the aene III protein ana whe Owner \ 
domain 'associates non-covalently can be- P™-"^^ 
functionally active form on .the surxace f jj*"^^? 

ohaoe. This ooens the possibility to genetically selec. 
*o?" stably associated Fv fragments with dexinea binaing 
soec--*-- cities from v aene libraries expressed in phages. 
Example 40 A PCR Base'd Technique fo r one steo Cloning o^ 
-uman V-oenes as P a S Consrrucis 

"This example aescribes a PCR based technique to 
25 "assemble" human Fabs by splicing together ^e an * 
licht chain DNA with a separate piece of mak e 
mixture of universal primers is used which should make 
the techniaue applicable to all human V-genes. .. 

The general tecnnique for PCR assembly ox human V- 
^0 aenes to create a Fab construct is describee. The 
-° " £ " c , e ncv of this technique was assessed by 
"asVembling". cloning and expressing a human anti 
D (Rh-D) Fab from e IaG-K monoclonal hypnaoma. We also 
demonstrate the potential to rescue human -°- oclon ^ 
antibodies from oolyclonal cell populations oy 
assembling, cloning. -Passing and isolating an IgG- 
■ lambda monoclonal anti-Rh-D Fab from a polyclonal 

lymphoblastic cell line ( LCL ) . assem blv shown 

The overall strategy :or the PCR assembly _s s 

40 in f'Q 47 and is described in more detail below. ror fao 

40 assembly! 22 VH-CH1 and VK-CK or V l^d-C 1^ light 
chains are amplified from first strand cDNA and gel 
curbed Heavy and light chain DNA are then combined 
tooether with linker DNA and flanking oii ^ u . cl . eo " a ** Fa S 

45 a new PCR reaction. This results in a ^.- l** ?S 
construct since the 5" end or the linker DNA -S 
comole^entary to the 3' end of the CHI domain ana the 3 
end" of the linker is complementary to the = ent L 0 °l i „"l 
!iaht chain domain. The linker DNA ^"i™"^^ 

50 residues of the human CHI domain, the bacteria x 

seouence i pelB ) for the light cnain ana . r*g.2*. 
residues ex the VK or V lambaa Hgnt cnain . --g-^J. 
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: - ci V-. arter ce: r.nficsticn. rhe sc ccr.s--- • - 
- ea.7,pii;:ec :-£r.Ki-c ci:=onuciectides == — 

restriction sires for clonmc. 

Oiiconucieoride cnaers: in "crder ro ceve-c- ~-e -~- 
cionmc oz nunan V genes it was necessary- to ces-c- a de- 
range c: human specific cliconucieoride c-: Be -, 
.„ . The PCR s ar rhe =• end of rhe VH "an- v< = 

✓lamoca gene exon (BACK primers) are based on c ec ""e— « 
cars extracted from the Kabar database, ( Kabat ~^ a *Z 
ft: Se =uences of Prcteins of Immunoloaical -nre'-es 1 " 
ffalt 0 ^ ^ nT De ? arrn,en - of Health and Human Ser^LcesV 
1987^ rhe EMBL aaraoase. rhe literature ( Chucnana = I 
al. =.ur J. Immunol. 1990. 20:1317) and unpublished * da-a 
Th " — - iff the vh. VK and Vlambda primers are ctven 
In aaciticn, exrended VH primers with Sf il 



in taoie i. in aacition, extended VH primers w-h S'* ' 

fi^ff aZ rhS 5 ' end were also oesigned ( Table T6 ) *o- 
aa^mg e restriction site after assembly. 

^ c ,^,„ Tai ? le c 10 aiS ° SnOWS rne 3 " P^mers (FORWARD prime-s) 
20 1° ° r PC - R b3Sed ci ° n ^g of human V P oe^es 

2" ^ s to L S n" ° = ^ es % de P^"9 on wherher a Fab Ir 
sc.v _ s to be proaucea. For Fab assembly rhe -orvarri 
primer was based ar rhe 3 • end of the CHI domain cS 
^SRWARD^nr?^ 3 In 3dditi ° n - ^ CK and ~£ 

2= ve^ons Jfth Nof , Were SlSO s y n ^si 2 ed as extended 
ve - Sx ° ns with Notl sites at their 5' ends 

the VkK^J ^Plementary to the CHI forward primers and 
e VkK ana v lamoca back primers were synthesized -o 

^SmL g > n ^at° n ° f ° NA by PCR "on't.f^ 

-0 ?« ^ ^P 1 ?^ containing the Fab linker (Table 10) 
-0 to ensure aaequare amplification, the primers were 
exrenaea into the actual linker sequence. pr ' mers were 

^ RNm preparation 

'4 bu-'u^ 556 "" 131 ^ Same aS d ^scribed in Examole 

2= c^ven in -h^? X ! riai ,° S hUman ori 9 in - In the results 
Solvclonal example human hybridoma and human 

= X«t lympnobiastic cell lines were used 

B cDNA Preparation 

heated P at° X 65 m -C Ze ^ -" S ° f t0ral RNA in 20ul wa ^ er 
40 to a 30 il r«r- J minures - o^nched on ice and added 
^ reacticn fixture resulting in a 50ul reaction 

""cT ertS 14 ?o M KCI ' 50mM Tris , HC^Yp^.Yl 
H V' MgC12. iOmM DTT. 500uM deoxy thymidine 

dloxvaaenollnf °> ^ triphosphate ^O^uM 

?-°p?o^t e fln ?nOSpna J S and 500 UM °eoxyguanosine 
«d 10«i ;* rh ni:S ° = hUman P laceni:aJ - RNAse Inhibitor 
4cSlF0R HuiSmfop . £ ^ r -° Driate F °rward primer (HulgGl- 
of aviM ~?«h? ' huCKrOR - HuCLFOR). Two ui (50 units) 
add.r SiS VirUS (AMV) reverse transcriptase 

30 hJateo to iM'c"^ 0 ! -abated at 42'C for 1 Sour, 
centrifuoedfor 5 minute's. minUrSS ' qUe " Cned on and 
C Primary PCRs 
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Fcr the prima"- PCR ampiif ications , an eruimciar 
mixture of the appropriate family based SACK and r ORWAKT 
primers was used.* (See specific examples 40a and 40i: 
Given later in this example). A 50ul reaction mixture 
5 was crepared containing 5ul cf the supernatant from the 
cDNA* svnthesis, 20 omol total concentration cf the 
FORWARD* primers, 250 uM dNTPs, 50mM KC1, lOOmM Tris. HC1 
(pH 8.3), 1.5 mM MgC12, 175ug/ml ESA and lul (5 units) 
Thermus aquaticus ( Taq ) DNA polymerase (Cetus. 
10 Emeryville, CA ) . The reaction mixture was overlaid with 
paraffin oil and subjected to 30 cycles of amplification 
using a Techne thermal cycler. The cycle was 94 *C for 1 
minute ( denaturation ) , 57 *C for 1 minute (annealing) and 
72 *C for 1 minute (extension). The product was analyzed 
15 by running 5ul on a 2% agarose gel. The remainder was 
extracted twice with ether, twice with phenol/chloroform, 
ethanol precipitated and resuspended in 50ul of H2O. 
D Preparation of linker 

To make the Fab linker DNA, 13 separate PCR 
20 reactions were performed using HulgGl-4CHlFOR and each of 
the reverse VK or V lambda oligonucleotides. The 
template was approximately lng of pJM-lFab D1.3 (fig. 48)^ 
The PCR reaction reagents were as described above and tHe* 
cycle was 94* :1 min , " 4 5 9 : imin and 72* :1 min. The linkers 
25 were analyzed on a 4% agarose gel, purified on a 2% 
agarose gel, eluted from the gel on a Spin-X column and 
ethanol precipitated . 
E Assembly PCRs 

For PCR assembly of a human Fab approximately lug, of 
30 a primary heavy chain amplification and lug of a primary 
light chain amplification were mixed with approximately 
250ng of the appropriate linker DNA in a PCR reaction 
mixture without primers and cycled 7 times (94*: 2 min, 
72*: 2. 5 min) to join the fragments. The reaction mixture 
35 was then amplified for 25 cycles (94* :1 mi, 68 # -72':l 
min, 72*: 2. 5* min) after the addition of 20 pmol of the 
appropriate flanking BACK and FORWARD primers. 
F Adding Restriction Sites 

The assembled products were gel purified and 
40 reamplified for 25 cycles (94*:1 min, 55* :1 min, 72 B : 
25rr.in) with the f landing cligonuceotides containing the 
appended restriction sites. PCR buffers and NTPs were as 
described previously. 

Specific examples of PCR assembly of human immunoglobulin 
45 genes 

a. PCR assembly of a Fab from a human hvbridoma : the 
human monoclonal anti Rh-D cell lines Fog-1 (IgG-k) was 
derived from E3V transformation of the PBLs of a Rh-D 
negative blood donor immunized with Rh-D positive blood 
50 and has been previously described (Melamed, M.D. , et al- r 
J. Immunological Methods. 1987. 104:245) ( Hughes- Jones 
N.C., et al.~, Biochem. 3. 1990. 268:135) (Gorick, B.D. et 
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ai.. Vex. Sane. 19SE 55 : 1 £5 • Total RNA was crep^rec 
ire- c??rcxi-aieiy 10 ' hyzridoma ceils . First ^rrar.c 
cDNA svriinesis was performed as described ecove using :ne 
primers KulgGl-4CKlFOR and HuCXFOR - Priory PGRs^ were 
5 performed for -he VH-CK1 using a mixture c: 

HuVKBACK primers and KuIcGl -4CG1FOR and for tne ^ K ~ C "? 

usir.c a mixture cf tr.e 6 HuVKrACK primers anc huw-^rw.-. 
7ab 'construe: was essemolec as described coove. 
resincted with Sfil and Notl. gel purified and ligated 
"G * nro cJM-lFab Di.2 restricted with Sfil and Notl I The 
iiaation mixture was used to transform competent E . col i 
E.M.G. cells- Ninety-six clones were tootnpicked - into 
media* in microtitre "plate wells, grown to mid-log pnase 
at 30 °C and then expression cf the Fab was induced by 
15 heat shockinc at 42*C for 20 min followed by crowing for 
4 hours at*37°C. The ninety-six clones were then 
■- - screened for anti-Rh-D activity as described below. 

b. assembly of human Fabs from a polyclonal (LCD : A 
poivcionai LCL "0G"_ was derived from E5V transformation 
20 cf approximately 10 7 peripheral blood lymphocytes ( PBLs ) 
from" a Rh-D negative donor immunized with Rh-D positive 
red blood cells. The cells wjere plated at a 
concentration of approximately 10 D cells per well. 
Positive wells were identified by screening the cells 
25 harvested and then subcloned once. Typing of the well 
indicated that an IgG- lambda antibody was being produced. 
A: this stage, total RNA was prepared from approximately 
10° ceils. First strand cDNA synthesis was . performed as 
described above using the primers HulgGl-4CGlFOR and 
20 HuCLFOR. Primary FCRs were performed for the VH-CH1 
using a mixture cf the 6 HuVKBACX2 primers and HulgGl-4 
CG1FOR - and for the V lamoda-C lamoda using a mixture of 
the 7 KuV 3ACK primers and HuC FOR. Restriction, 
cloning and screening proceeded as described. To 
25 determine tne diversity cf the clones. the VH and V 
iamDda genes of 15 clones were PCR amplified, restricted 
with the frequent cutting restriction enzyme BstNl and 
analyzed on a 4% agarose gel (see example 20). 
Assav for ant i - Rh-D activity and demonstration of 
40 specificity : A 5% i vox /vol ) suspension ox either Rh-D 
positive (OR2R2) or Rh-D negative (Orrj erythrocytes in 
phosphate buffered saline (PES. ?H 7.3) were incubated 
with a papain solution for 10 min at 27'C. The 
erythrocytes were washed three times in PBS and a 1% 
45 (vol/vol) suspension of erythrocytes was made up in PBS 
supplemented with 1% (vol/vol) of bovine serum albumin 
( ESA ) . Fifty ui of a papain treated erythrocyte 
suspension and 50ul of phage supernatant were placed in 
the wells of round bottom microtitre plates and the 
50 olates were olaced on a TItertek olate shaker for 2 min. 
After 15 min incuoation at 27*C 100 ui cf P3S/BSA was 
idded to eacn well. The plates were centrifuged at 200 g 
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fcr I min and the supernatant was discarded. The 
er/throcytes were resuspended in the remaining PBS /BSA 
and the Fab fragments were crossiinkec by addition c: 
the 9E10 monoclonal antibody ( 50ul a lug/mi soiuuicn in 
5 PBS/ESA) directed against the myc peptide tag (Ward, 
£ . S . , er al . Nature 1989. supra). The plates were 
placed at room temperature ( RT ) until sedimentation had 
occurred- Agglutination cf erthrccytes caused a diffuse 
button of erythrocytes and the results were evaluated 

10 macroscopically . Specificity was confirmed with a 
standard prepapainired (as above) panel of 9 erythrocyte 
suspensions in PBS (all suspensions blood group O. 4 D 
positive and 5 D negative) known to have homozygous 
expression of all the clinically relevant erythrocyte 

15 blood group alloantigens . The number of copies cf the D 
antigen on the D positive cells varied between 10,000 and 
20,000 per erythrocyte depending on the Rh genotype. 
Briefly, 50 ul phage supernatant in PBS supplemented with 
2% (vol/vol) skimmed milk was mixed with 50 ul of a 2% 

20 erythrocyte suspension in PBS in glass tubes and 
incubated for 15 min at SVC. After one wash with 
PES /BSA the erythrocytes were pelleted and resuspended in 
50 ul donkey anti-human lambda light chain (Sigma L9527, 
diluted 1:40 in PBS/ESA). The tubes were centrifuged for 

25 1 min at 200g and agglutination was read macroscopically 
using "tip and roil" method. 

Results 

30 a PCR assembly cf a' Fab from a human hybridoma : A single 
band of the correct size was obtained after 
amplification. Thirty-eight of 96 clones (40%) screened 
specifically agglutinated Rh-D positive but not Rh-D 
negative red blood cells. The results demonstrate a high 

25 frequency of successful splicing in the assembly process 
and the potential of this technique for one step cloning 
of human hybridomas . 

b Assembly of human Fabs from a polyclonal lymphoblastic 
cell line ( LCL ) : Analysis of the diversity of the clones 

40 indicated that 3 different heavy chain families and 2 
different light chains families were present. Five anti- 
Rh-D specific clones were identified out of 96 screened. 
The VH and V A. chains had identical nucleotide sequences 
in each clone and were typical of anti-Rh-D V-genes 

45 (unpublished results). The results demonstrate the 
potential of this technique to assemble, clone and 
isolate human antibody fragments from polyclonal cell 
populations ( see also section on isolation of specific 
binding activities from an ' uninununized 1 human library 

50 (examples 42 and 43). 
Example 41 

Selection of Phage Displaying a Human Fab Fragment 
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directed acs.-r.sT me ?.nesus>: Ar";:sr, :v ::r.i:r.: :: 2±-Ls 
cispievin: me Rhesus D Annaer. cr. ineir Surface 

A large numoer c: important cnziger.s are :r*ecr2i 
components cf ceil surface rnemcranes. i.e. they are ceil 
5 surface antigens. These include tumor specific ar.ticens 
and red and write bleed ceil surface antigens. lr. -any 
instances, it would be important to isolate ar.tieocies 
against these antigens. For example, antibodies directed 
acainst the rhesus-D ( Rh-D ) antigen on red bleed ceils 
10 are used both diagnostically and therapeutically. Many 
of these antigens are difficult tc purify and some, like 
Rh-D. are not biologically active when isolated f rem tne 
memorane. Thus, it would be useful tc be able tc 
affinity purify antibody fragments displayed cn the 
15 surface of bacteriophage directly on ceil surface 
antigens. To test the feasibility cf affinity 
purification on cell surface antigens, the anti-Rh-D 
human monoclonal antibody Fog-B was displayed as a Fab 
fragment on the surface of bacteriophage fd. The 
20 displayed Fog-5 Fab fragment bound antigen as determined 
by agglutination assay and could be affinity purified on 
the basis of its binding on the surface of Rh-D positive 
red blood cells but not Rh-D negative red blood cells - 
Materials and Methods 
25 .Construction cf a clone encoding an anti -Rh-D Fab 

fragment in phagemid pHENI and display of the Fab 
fragment on the surface of bacteriophage fd. 

The human hyrridoma Fog-B has been previously 
described (N.C. Hucnes- Jones et al Biochem. J. 268 135 
30 (1990). It produces an IgG-1 /lambda antibody which binds 
the Rh-D antigen. RNA was prepared from 10* 7 hybridoma 
cells using a modified method of Cathala (as described 
in example 14) and 1st strand cDNA synthesized using 
specific immunoglobulin heavy and light chain primers 
25 (HuVHlFOR [example 40] and KuCA FOR ( 5 ' -GGA ATT CTT ATG 
AAG ATT CTG TAG GGG CCA C-3 ' ) ) as described in example 
14. The VH gene was sunsequently amplified from an 
aliquot of the 1st strand cDNA using HuVH4aBACK and 
HuVHIFOR. The V\ gene was amplified using a VA primer 
40 specific for Fog-B (VA Fog-B. 5 ; -AAC CAG CCA TGG CC AGT 
CTG TGT TGA CGC* AGC C-3 1 "). The PCR conditions were as 
described in example 40. The PCR products were analyzed 
by running 5ul on a 2% agarose gel. The remainder was 
extracted twice with etner, twice with phenol/chloroform, 
45 ethanol precipitated and resuspended in 50ul of H2O. The 
amplified VH DNA was digested with Pstl and BstEII, and 
the amplified va-c/ DNA with Ncol and EcoRl . The 
fragments were purified on a 2% agarose gel, extracted 
using Geneclean. and sequentially ligated into the 
50 soluble expression vector pJM-1 Fab D1.3 (Fig 48). 
Clones containing the correct insert were initially 
identified bv restriction anaivsis and verified by assay 
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c z expressed soluble Fab .see sxar.cie 12 for :r.:jct;:r. 
condiiicr.s ) . The Fog-E Per cassette was amplified f re- 
pJM-1 by ?CR using HuVK43ACK-S f i and Hu C/\ -Net. dices-ec 
wi'.^ the appropriate restricticr. enivmes and Iterated lr.tr 
5 pHENl. Clones containing the correct Insert were 
identified initially by restriction analysis and 
subsequently by assay ( see example 25 f cr induction 
conditions ) . 

Assay for soluble Fog-E Fab fragment and mace 

1C displayed Fog-3 Fab fragment for anti-Rh-D activitv and 
documentation of specificity. 

Assay of the soluble expressed Fab was performed on 
unconcentratec Z.coli supernatant. Assay cf Foe - 5 
displayed on the phage surface was performed on pnaae 

15 that had been concentrated 10 fold by PEG precipitation 
and then resuspended in PBS . the assays for" activity and 
specificity are as described in example. 

Cell surface affinity purification cf phage 
displaying Fog-S anti-Rh-D Fab fragment 

20 Purified Fog-B phage was mixed with purified phage 

Fd-Tet CAT- 1 displaying the anti -lysozyme scFv *DlT3 
(pAbD1.3) in a ratio cf approximately 1 Fog-B: 50 
scFvD1.3. Prepapainized erythrocytes' ( OR2R2 [Rhesus 
positive] or Orr [Rhesus negative] ) were suspended in PBS 

25 supplemented with 2% skimmed milk powder in a 
concentration of 4xl07/ml. One ml of this suspension was 
mixed with 10 11 phage suspended in 2 ml of PBS 
supplemented with 2% skimmed milk and incubated for 30 
min at room temperature under continuous rotation. ,The 

20 erythrocytes were washed three times with an excess' of 
ice-cold PBS (10 ml per wash) and subsequently pelleted. 
The phage were eiuted from the cells by resuspending in 
200 \il of 76 mM citric acid pH 2.8 in PBS for 1 min. The 
cells were then pelleted by centrif ugation for 1 min at 

2 5 3000 rpm and the supernatant containing the eiuted phage 
was neutralized by adding 200 pi of 240 mM Tris-base , 
22mM Disodium hydrogen phosphate in 1% w/ vol albumin. 
Serial dilutions of the eiuate was used to infect TGI 
cells. Fog-B Fab phage were selected on ampicillin 

40 plates and scFvD1.2 phage on tetracycline plates and the 
titre of each determined prior to selection, after 
selection on rhesus-D negative cells and after selection 
on rnesus-D positive ceils. 
Results 

4 5 Fog-3 Fab fragment displayed on the surface of the 

phage derived from the phagemid pHEN clone specifically 
agglutinated rhesus-D positive but not rhesus D-negative 
red blood cells. Affinity purification of the Fog-1 Fab 
phagemid on Rh-D positive red blood cells resulted in an 

50 enrichment from 1:50 to 1500:1 (Fog-B Fab: scFvDl . 3 ) , 
wnereas purification on Rh-D negative red blood cells 
demonstrated essentially no enrichment { 10 fold ) . 
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Fcg-5 Fab scfvDl . 2 Foc-5 FAb, scFv21 . 2 

5 Pricr to seiecticr: 1 . 0 x 10^ 5.0 x 10- 1 : 50 

Seieciicr. on Rh-D I.C x 1C 4 1.0 x 1C 5 1:5 
necciive cells 

Selection on Rh-D 6.C x 10° 4.C x I0 3 1500:1 
positive cells 

— — / 

Example 42 A PCR Based Technique for One Step Clcninc c: 

Human sc.- v Constructs ~~ " ~~ ~ — - 

Assembly of human scFv is similar to the assemblv cf 
mouse scFvs describee in example 14 . To develop the" PCR 
15 clcninc of human V genes it was necessary to desicn a new 
range of human specific oligonucleotide primers" ( table 
13 .) • JThe use of these primers for the Generation cf 
human rabs is described in example 40. The assemblv cf 
human scFvs is essentially the same but requires a set of 
20 rORWARD primers complementary to the J seoments of "the 
VH , VK and V lambda genes . ( For Fabs FORWARD primers 
complementary to the constant region are used . ) The J 
segment specific primers were designed based on the 
published JH , JK and J lambda sequences ( Kabat , E . A . et 
al. Sequences of Proteins of Immunological Interest. 4th 
Edition. US Department of Health and Human Services. 
1987 ) . 

In addition, a different linker is needed for scFvs 
than for Fabs so fcr human scFvs a new set of primers was 
needed to prepare the linker. Primers complementary to 
tne JH forward primers and the VK and V lambda back 
primers were synthesized to permit generation of linker 
DNA by PCR amplification of a plasmid template containing 
the scFv linker (Table 10, Fig. 49). To ensure adequate 

— amplification, the primers were extended into the actual 
linker sequence. Using these primers to make the scFv 
linker DNA , z2 separate PCR reactions were performed 
using each cf the 4 reverse JH primers in combination 
with each of the 12 reverse VK and V lambda 

40 oligonucleotides . The template was approximately lng of 
pSW2scD1.3 (Ward. E.S. 1989 supra) containing the short 
peptide ( Gly4Ser ) 3 '( Huston . J.S. et al . , Gene 1989. 
77 : 6 1 ) 

A spec ific example of PCR assemblv of a human scFv 
45 library ~ " * 

This example describes the generation of a human 
library of scFvs made from an unimmunized human: 

500ml of blood, containing approximately 10** B- 
cells, w as obtained from a healthy volunteer blood donor. 
50 The white cells were separated on Ficoll and RNA was 
prepared as described in example 14. 

Twenty percent of the RNA. containing the genetic 



20 
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iTi£-er:ci fro- approximately Z :■: 1C ■' 5-ceiis. was usee ::: 
cDNn preparaiicn as describee ir. example 40. Heavy 
chains originating from IcG and Ig. v . antibodies were kept 
separate by cnnir.c cDNA syntnesis witr. eitr.er an IcG 
5 specific primer ( KuigGi -4CK1FOR ) or an lc. M . specific 
primer f Hu I cMFOR ) - .-.liquors cf the cDNA was used tc 
cenerate four separate scFv libraries (IcG-K. IcG - 1 a rr.ee 3. . 
IcM-K and IgM-lambda) as described in example 40. The 
resulting libraries were purified on 1.5% agarose. 
10 electroeiuted and ethanoi precipitated. For subsequent 
cloning, the K and iamoda libraries were combined giving 
separate IgG and IgM libraries. 

Cloning of the library : The purified scFv fragments i I- 
4uc ; were digested with the restriction enzymes Not I and 

15 either Sfil or Ncol . After digestion, the fragments were 
-extracted- with phenol /chloroform, ethanoi precipitated. 
The digested fragments were ligated into either Sfil -Not I 
cr Ncol - Not I digested. agarose gel electropnoresis 
purified pHENl DNA ( 6ug ) (see example 24), in a 100 ul 

20 ligation "mix with 2,000 U T4 DNA ligase (New England 
Hioiabs ) overnight at room temperature. The ligation mix 
was purified by phenol extraction and ethanoi 
precipitated. The ligated DNA was resuspended in 10 pi 
cf water, and 2.5 ul samples were electroporated into 

25 E.coli TGI (50 pi ) . Cells were grown in 1 ml SOC for I 
hr and then plated on 2 x TY medium with 100 pg/ml 
ampicillin and 1% glucose ( AMP-GLU ) , in 243 x 243 mm 
dishes (Nunc). After overnight growth colonies were 
scraped off the plates into 10 ml 2 x TY containing AMP- 

20 GLU "and 15% glycerol for storage at -70 # C as a library 
stock. 

Cloning into Sfil-NotI and NcoI-NotI digested pHENl 
yielded libraries cf 10 7 and 2 x 10 7 clones respectively 
for the IgM libraries and approximately 5 x 10' clones 
25 fcr eacn of the two IcG libraries. 

Example 43 Isolation cf binding activities from a library 
of scFvs from an unimmunized human 

The ability to select binding activities from human 

40 antibody libraries displayed on the surface of phage 
should prove even more important than isolation of 
binding activities from murine libraries. This is 
because the standard way of generating antibodies via 
hybridoma tecnnology has not had the success with human 

45' antibodies that has been achieved with mouse. While in 
some instances it will be possible to make libraries from 
immunized humans. in many cases, it will not prove 
possible to immunize due to toxicity or lack of 
availability of an appropriate immunogen or ethical 

50 considerations. Alternatively, binding activities could 
be isolated from libraries made from individuals with 
diseases in which tnerapeutic antibodies are generated by 
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the -."7,une respor.se. However. ;r. r.ar.y rases rr.» 
cnzibocy crccucmc ceils will be Iccarec ir. rr.e zriee:-. 
and no: available ir. tne circulating pool c: peripheral 
blood iympnocyres : me mosz easily accessible "c:er; = . 
5 for generating tne licraryj. ir. acciticn. :r. diseases 
associated witn imuncsupcressicr., therapeutic ar.tibccies 
.-nay nor be prccuced. 

An alternative approacr. would be to isolate cmdir.c 
activities from a library made from an ur.i^umze: 

10 individual. This approacr. is based on estimates * that I 
primary repertoire of 10' different antibodies is likely 
to recognize .over 99% of epitcoes with an af f m-v 
constant of 10 D M - or better. (Pewrelson, A.S. Immune^" 
Rev, (1989) 110:5). While this may not produce r.icr. 

15 affinity antibodies. affinity could be * boosted by 
mutation cf the V-genes and/or by using the isolated VH 
domain in a hierarchical approach with a library of iicht 
cnams (or vice versa). In this section,"," we demonstrate 
•he feasibility cf this approach by isolatinc soecific 

20 antigen binding activities against three "different 
antigens from a library cf scFvs from an uninununized 
human. 

Materials and Methods 

The ^ generation cf the human scFv library used for 
25 the isolation of binding activities described in this 
example is detailed in example 42. 

Estimation of d iversity" of original and selected 
libraries: Reccmomant clones were screened before and 
arter selection by ?CR (example 20) with primers LMB3 

-0 (which sits 5' of the pel3 leader: sequence and , is 
identical to the reverse seauencing primer (-40 n ) 'of 
PUC19) and fd-SEQl ( see example 37) followed bv digestion 
with the f requent-cuttmc enzyme BstNl . Analysis of 48 
Clones from eacn unseiectec library indicated that 90% of 

-c me clones nad inset, and the libraries appeared to be 
extremely diverse as 5udgec bv the BstNl * restriction 
pattern. 

Rescue of Phaoemid libraries for enrichment experiments : 
;° r "_ cue pnagemic particles from the library, 100 ml 2 x 

d 

. ^ in 

example 42) ( approx . ' 10 ui ) and grown for 1.5 hr, shakino 
at 27 # C. Cells were spun down ( IEC- centrifuae, 4 K, 15 
mm) and resuspended m 100 ml prewarmed (37*~C)' 2 x ' TY- 
45 AMP (see example 41) medium. 2 x 10 10 pfu of VCS-M13 
(Stratagene) particles added and incubated 30 min at 37* 
without shaking. Cells were then transferred to 900 ml 2 
x TY containing ampiciliin (100 ug/ml) and kanamvem (25 
* 9 ^ ml) (AMp - :<AN >' and grown overnight, while shakino at 
30 o7 # C. Phage particles were purified and concentrated bv 
three PEG-precipi rations t see materials and methods ) and 
resuspended m PBS to 10 A ^ TU/ml ( amoicillin resistant 



40 



containing AMP-GLU (see example 42) was inoculate 
with 10 y bacteria taken from the library ( prepared 
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clones ) . 

Enricrjnent for cnOx : BSA cinders by seiezticr. cr. rubes : 
For enncnmeni. = 75 x 12 mm Nur.c-.zmur.ctuoe i >:a.\:scrr : 
Cat. No. 4-44202) was coaiec with 4 mi pnO>: : 5SA ,1 " : mi ; 
5 14 phOx per BSA in 50 mM NaHCOS pH 9.6 buffer.' cverr.icr.: 
a- room tempera-cure. After wasninc three "i"«es witr. PES. 
the tube was ir.cuoaiec for 2 hr at 27 *C w;:r. PES 
containing 2% Marvel (2% MPBS) for ciocKinc . rciicwir.c 
three PES washes, phagemid particles ( 10- J T T J ) :r. 4 mi c: 
10 2% MPBS were added, incubated 30 min at room temperature 
on a rotating turntable and left for a further 1.5 hours. 
Tubes were then washed with 20 washes of F3S , C.1% Tweer. 
20 and 20 washes PBS (each washing step was performed by 
pouring buffer in and out immediately). Bound phage 
15 particles were eluted from the tube by adding 1 ml 100 mM 
triethylamihe pH 11.5 and rotating for 15 min. The 
eluted material was immediately neutralised by adding 0.5 
ml 1.0 M Tris-HCl, pH 7.4 and vortexed. Phage was stored 
at 4*C. - - 

20 Eluted phage (in 1.5 ml ) was used to infect 3 ml 

logarithmic crow.inc E.coii TGI cells in 15-ml 2 x TV 
medium, and plated on AMP-GLU plates as above yielding on 
average 10 7 pnage infected colonies. 

For selection of phOx : BSA binders, the rescue- tube 
25 enrichment -plating cycle was repeated 4 times, after 
which phagemid clones were analysed for binding by ELISA. 
Enrichment for Ivsozyme binders by panning and on 
>5 columns : A peiri cisn (35 x 10 . mm Falcon 3001 Tissue 
culture dish) was used for enrichment by panning. During 
30 all steps, the plates were rocked on an A600 rocking 
plate (Raven Scientific). Plates were coated overnight 
with 1 ml turkey egg white lysozyme ( 3 mg/ml ) in 50 mM 
sodium hydrogen caroonate ( pH 9.6), washed three times 
with 2 mi PBS . and blocked with 2 ml 2% MPBS at room 
25 temperature fori hours. After three PBS wasnes 
approximately 10^ ~ T'J pnage particles in 1 ml 2% MPBS 
were added per plate, and left rocking for 2 hr at room 
temperature. Plates were wasned for 5 min with 2 ml of 
the following solutions: 5 times PBS, PBS-Tween (0.02% 
40 Tween-20 ) , 50 mM Tris-KCl ( pH 7.5) * 500 mM NaCl , 50 mM 
Tris-HCl ( pH 8.5) - 500 mM NaCl, 500 mM Tris-HCl ( pH 9.5) 
~ 500 mM NaCl and finally 50 mM sodium hydrogen carbonate 
pH 9.6 Bound pnage particles were then eluted by adding 
1 ml 100 mM triethyiaraine pH 11.5 and rocking for 5 min 
45 before neutralising with 1 M Tris-HCl ( pH 7.4) (as 
above). Alternatively, 1 ml turkey egg white lysozyme- 
Seonarose columns were used for affiniry purification 
(McCafferty, J., et al . , Nature 1990. 348: 552) Columns 
were wasned extensively with PBS. blocked with 15 ml 2% 
50 MPBS, and pnage » 10 i2 TU ) in 1 mi 2% MPBS loaded. After 
wasning with ~50 mi PBS. 10 mi P3S- Tween (PBS - 0.02% 
Tween-20), 5 mi of 50 mM Tris-HCl ( ?H 7.5) - 500 mM NaCl, 
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5 mM Tris-KCl 9pK £.3) - 500 mM NaCl . 3-1 cf 50 "V 7ns- 
HC1 (pH 9.3 j -~ 50C mM NaCl and finally f mi c: 50 -.r. 
sodium hydrogen carDonare pH 9.6. Bound phage was eiurec 
using 1.5 nil 100 m. M . triethylanine and neutralised witr. 1 
5 M Tris-KCl ( pH 7.4). 

For selection of turkey egg white iysczyme bir.cers . 
the rescue-tube enrichment - Dieting cycle cr rescue- 
column-plating cycle was repeated 4 times, after wnicr. 
phagemid clones were analysed for binding by ELISA. 

1C Rescue cf individual phagemid clones for ELISA : Clones 
resulting from reinfected and plated pnage particles 
eluted after 4 rounds . of enrichment „ were inoculated into 
150 ul of -2 x TY-AMF-GLU in "§6-well plates (cell wells, 
Nunclon ) , grown with shaking ( 250rpm ) overnight at 37 *C. 

15 A 96-well plate replicator ('plunger') was used to 
inoculate approximately 4 pi of the overnight cultures on 
the master plate into 200 \il fresh 2 x TY-AMF-GLU. After 
1 hr. 50 ul 2 x TY-AMF-GLU containing 10 8 pfu of VCS-M13 
was added to each well, and the plate incubated at 37 *C 

20 fcr 45 min, followed by shaking the plate at 37 *C for 1 
hr. Glucose was then removed by spinning down the cells 
(4K, 15 min), and aspirating the supernatant with a drawn 
out glass pasteur pipet. Cells were resuspended in 200 
Ul 2 x TY- AMP -KAN ( Kanamycin 50 ug/ral ) and grown 20 hr, 

25 shaking 37 *C. Unconcentrated supernatant containing 
phage was taken for analysis by ELISA. 
ELISA 

Analysis for binding to phOx:ESA, BSA or lysozyme was 
performed by ELISA (see example 9), with 100 \xg/ml 

30 phOx:5SA or BSA , cr 3 mg / ml ■> turkey egg white lysoz;yme 
used for coating. Determination of cross reactivity to 
unrelated antigens with the isolated clones was also 
determined by ELISA cn plates coated with 100 ug/ml of an 
irrelevant antigen (keyhole limpet haemocyanin ( KLH ) , 

35 ovalbumin, chymotrypsinogen , cytochrome C, thyroglobulin, 
GAF-DH ( glyceraldehyde-3-phosphate dehydrogenase ) , or 
trypsin inhibitor). 

Characterization cf ELISA positive clones : All antigen 
specific clones isolated were checked for cross 
40 reactivity against a panel of irrelevant antigens as 
described above. The diversity of the clones was 
determined by PCR screening as described above and at 
least two ciones from each restriction pattern were 
sequenced bv the dideoxv chain termination method. 

45 

Results 

Isolation and characterization of DhOx:BSA binders : 
After 4 rounds cf selection, ELISA-positive clones were 
isolated for phOx:BSA. All clones originated from the 
50 IgM library. Of 96 clones analysed, 43 cloncj were 
binding to both phOx : BSA and BSA, with ODs ranging from 
0.4 to 1.3 (background 0.125). These clones are 
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cosicnaied as =SA zir.cers. The binding tc seemez tr 

be specific, since r.cne cf tne 11 clcr.es ff-f^V se = .f 3 y.?.. £ 

sicnai aDOve backcrounc wnen usee ir. an 

ovalbumin. :.nyno"ypsmoger.. cytccr.rome - ■ -/scry^e . 
-hvrooicculir.. GAF-DH. cr trypsin innifcitcr. -=> n 
b'ndinc clones had -he same SstNI r2S"i"icr. ra.terr.. 
and 14" clones were completely sequenced. Thirteen c: .r.e 
-ou~t<=»en clones had tne same sequence, rne VH was cenvec 
f-om a human VK3 family gene and The VL from a r.unar. V 

•0 lamDda 3 familv oene (Table 1). The other =SA b.ncer was 
derived from a human VH4 family gene ano a numan Vkl 
familv oene ( data nor shown ) . 

One clone was isolated which bound to chOx:ESA only 
( OD 0.3), and bound phage could be completed off 

•= completely bv adding 6.02 mM 4-€-amino-caproic acid 
methvlene 2 -Dhenvi -oxazol - 5-one ( phOx-CAP ) as a 
coraoe'titor . Also no binding above background could be 
detected to the oanel of irrelevant proteins describeo 
above. The seauence revealed a VH derived from a numan 

10 VK1 family gene' and a VL derived from a human V la mod a 1 
familv oene (Table 11). 

is olation and characterisation of lvso zvme Binders: 
Af rer — 4 rounds of selection. a0 ELISA-positive clones 
we'-e isolated for turkey lysozyme. The majority of the 

25 clones, greater than 95%. were from the IgM library. The 
b-ndina to lysozvme seemed to be specific, since none or 
the clones analvsed cave a signal above background when 
used -"n an ELISA witn KLK. ovalbumin, chymotrv-psmogen , 
cytochrome C. t hyr og lobul in . GAP-DH, or trypsin 

~0 inhibitor. The' Ivsczyme binding clones gave 2 different 
istNl" restriction" oatterns . and at least 2 clones from 
each restriction pattern were completely sequenced. The 
sequences indicated the presence of 4 unique human VH-VL 
combinations. (Table 11). 

2 5 Conclusion 

The results indicate that antigen binding activities 
can be isolated from repertoires of scFvs prepared from 
IcM cDNA from human volunteers that have not been 
specifically immunized. 

40 Ex ample 44 , . 

Rescue of human IcM library us ino heloer onaoe lacking 

oene 3 ( 6a3 ) 

This examole describes the rescue or gene 3 ^usions 
from a human library using a helper phage with a gene _ 

45 deletion. . . . 

100 ul of bacterial stock of the IgM pnagemia 
library oreoared as described ( example 42 ) . containing 
= xl0 5 bacteria, was used to inoculate lOOmls oi 2xTY 
medium containing lOOug/ml ampicillin. 2% glucose 

=0 (^ v /AraD/Glu). This was grown at 37 *C for _.= hours- 1U 
mis of this culture was added to 90 mis of prewarmea 
TY/Amp/Glu and infection carried out by adding lOmls or a 
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2CC fold concentrate c: K07 helper pnage lao::r.c ce.ne 2 
f K12KC7gIll & Nc . 2 } < example 24"; end ir.cuoa'ir.c fcr 1 hour 
at 27 *C wirhour snaking. ?re?arezicr. c: M12XC7cI2I \c.2 
was as described ir. example 24. After centnf ugaticr. at 
5 4,000 r.p.-i. fcr 10 minutes the bacteria were resuspendec 
in 100 mis cf 2 :c TY medium contair.mc ICC ug/ml 
ampicillin t with nc glucose). Titration cf tr.e culture 
at this point revealed that there were 1.9xiC c infected 
bacteria as judged by their ability to crow on plates 

12 containing both ampicillin ( lOOug/ml ) and kanamycin 
( 50ug/mi ) . Incubation was continued for 1 hour with 
shaking before transferring to 2.5 litres of 2xTV medium 
containing lOOug/mi ampicillin, 50ug/ml kanamycin, 
contained in five 2.5 litre flasks. This culture was 

15 incuoated for 16 hours and the supernatant prepared by 
centrif ugation. (10-15 minutes at 10,000 r.p.m. in a 
Scrvall RC53 centrifuge at 4*C). Phage particles were 
harvested by adding 1 /5th volume of 20% polyethylene 
glycol, 2.5 M NaCl , standing at 4'C for 30 minutes and 

20 centrifuging as above. The resulting pellet was 
resuspended in 40mls of lOmM Tris , O.lmM EDTA pK 7.4 and 
bacterial debris removed by centrif ugation as above. The 
packaged phagemid preparation was then re- precipitated, 
collected as above and resuspended in lOmls of lOmM Tris. 

25 C.lmM EDTA pH 7.4. The litre of this preparation was 
4 . ixl0 10 transducing units/ml (ampicillin resistance). 

Tubes coated witn OX-BSA were prepared as described 
in example 4 5 for panning the phagemid library from 
example 42. The rescued librar-y was also panned against 

20 rubes coated with bovine rhyrogiobulin (Sigma). These 
were coated at a concentration of lmg/ml thyroglobulin ' in 
50mM NaHC03 pH9 . 6 at 27 *C, overnight. Tubes were blocked 
with P3S containing 2% milk powder (PBS/M) and incubated 
with 1ml of tne rescued pnagemid library ( the equivalent 

2 5 of 250mls cf culture supernatant) mixed with 3mls of 
PES /K for 3 hours. Wasmng, elution, neutralisation and 
infection were as described in example 45. 
Results: Panninc aaamst oxaralone - BSA 

The first round of panning against OX-BSA yielded 

40 2.8x10° phage. A large bacterial plate with 1.4x10° 
colonies derived from tms eiuate was scraped into lOmls 
of 2xxTY, 20% glycerol, shaxen for 10 minutes, aliquoted 
and stored. This was also used to inoculate a fresh 
culture for rescue with M13K07gIII No. 3. (Bacteria and 

4 5 rescued phage derived from first round panning against 
OX-BSA are named 0XPAN1. Bacteria or rescued phage 
derived from second and third round pannings are named 
0XPAN2 and OXPAN3 respectively) Rescue of phagemid with 
M13K07gIII No. 3 after each round of panning was 

50 essentially as described above but using 5ml volumes for 
the initial cultures in TY/Amp/Glu. using 1ml of helper 
pnage and transferring to 100- 500mls of 2xTY medium 
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:cr.:cir.:n? lOOuc/-. ampicillin. rOu;/-. r^na-ycm . 
Second and -hire rcunc parking steps were as described 
above for Trie first round, bur using C.5-^.0r.is or -ww 
fold concentrated pnace i tne equivalent c: 5C-1C2 "is or 
5 culture supernatant ) . The eiuate from tne second round 
panning contained SxiC c infectious particles 3"^ tr.f 
eiuate from the third round panning contained 2 . 2 x i C r 
infectious particies . 
Fanning against thvroclcbulin 
IQ The first _ round panning against thyrcgiobui in 

vielded 2.52xl0 5 infectious particles. Half of the 
eiuate was used to generate 1. 26x10° bacterial coicnies 
on a large plate. These colonies were scraped into iOmis 
of 2xTY. 20% glycerol, shaken for 10 minutes, aiicuoted 
13 and stored. These bacteria and rescued phage derived 
from them are termed T HYP AN! , and used to inoculate a 
fresh culture for rescue with M13K07gIII No. 2 to give a 
polyclonal rescued phage preparation. Material similarly 
derived from second and third round pannings are termed 
20 THYPAN2 and THYPAN3 respectively. Second and their round 
pannings with thyroglobuiin were as. described for second 
and third round OX-BSA panning. The eiuate from the 
second round ^panning contained 8x10' transducing units 
and the eiuate from the third round panning contained 
25 6xl0 7 ' infectious particles. 

ELISA screening of clones derived by panning 

40 colonies derived form the third round of panning 
against thyroglobuiin ( TKYPAN3 ) were picked into a 96 
well plate* and grown overnight at 37 *C in 200ul of 
20 TY/Amp/Glu. Similarly 48 colonies from two rounds and 48 
colonies from three rounds of panning against OX-SSA were 
grown (OX-PAN2 and OX - PAN 3 ) . Polyclonal phage were 
prepared at the same rime. Next day 5\il from each 
culture was transferred to lOOul of fresh prewarmed 
25 TY/Amp/Glu grown for 1.5 hours and M13K07gIII No - 3 added 
( 2 x 10 5 infectious phage per well m iOOul of 
TY/Amp/Glu). these were incubated for I hour at 37*C 
without shaking, centrifuged at 4,000 r.p.m. for 10 
minutes, resuspended in 150ul of 2xTY medium, containing 
40 lOOug/ml ampicillin and incubated for a further hour with 
shaking before adding to 2mls of medium containing 
lOOug/ml ampicillin. 50ug/ml kanamycin. After overnight 
growth the cultures were centrifuged at 4,000 r.p.m. for 
10 minutes -and the supernatants collected. ELISA plates 
45 used to screen THYPAN3 clones were coated at 27 * C 
overnight with 200yg/ml thyroglobuiin in 50mM 
NaHC03pH9.6. Plates used for OXPAN2 and 0XPAN3 were 
coated" at lOOug/ml OX-BSA in PBS at 37*C overnight. 

120pl of culture supernatant was mixed with 20ul of 
50 5x PBS , 10% milk powder and incubated at room temperature 
for 2 hours at room temperature. ELISAs were carried out 
as described in example 18. 
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polyclonal pnage were PEG precipitaiec one usee ct a 
fold concentration. 
- o ?CR reactions and EstNI digests were carried cur or. 

the positive clones as described above and six different 
patterns of DNA fragments were obtained showing mat at 
least six different clones had been isolated. 

For OX-BSA after two rounds of panning, 2C cf 48 
IE clones were positive by ELISA and after three rounds , 42 
of 48 were positive. In a separate experiment, positive 
. ... s i cna 1 w a s obtained .from the polyclonal phage . 
preparations OXPAN1 (0.988 OD ) and OXPAN2 (1.717 OD ) 
compared with phage derived from the original non- panned 
20 phagemid library ("0.186 O.D. ) after 30 minutes. 

Speci ficity of clones for thvroclobulin or OX-BSA 
~" Selected clones ( 11 ant i - thyroglobulin . 5 ant i -OX- 
BSA ) representing each of the different BstNI restriction 
dicest "patterns were assayed for binding to a panel of 
25 irrelevant antigens. ELISA plates were coated with 
antiaen (100 ul/ml in 50 mM NaHC03 . pH 9.6) by overnight 
incubation at 37 # C. The panel of antigens consisted of 
keyhole limpet haemocyanin, hen egg lysoryme. bovine 
serum albumin. ovalbumin , cytochrome c , chymotrysinogen, 
20 trypsin inhibitor. GAF-D11 ( glyceraldehyde-3-phosphate 
dehydrogenase), bovine rnyroglobulin and oxazolone-B$A . 
Duplicate samples of phage supernatant (80 ul + 20 pi 5 x 
PBS, 10% milk powder) were added to each antigen and 
incubated for 1 hour at room temperature. the ELISA was 
25 carried out as described in example IB. 

Each of tne rnyroglobulin specific clones ( 11 from 
11) were positive for thyroglobulin ( OD 0.12 - 0.76) but 
after 60 minutes snowed no binding (OD<0.03) to any of 
the 9 irrelevant antigens. Similarly of the 5 OX-BSA 
40 specific clones 2 had a"n OD 0.07 - 0.52 compared to ODs < 
0.02 for the irrelevant antigens. None of the 5 clones 
had any binding to E5A alone. 

Thus positive clones can be isolated after only two 
rounds of panning by rescuing with M13K07gIII No. 3. In 
45 addition there is a greater likelihood with this helper 
of generating phage particles with more than one intact 
antibody molecule. This will potentially increase the 
avidity of phage-antibodies and may enable isolation of 
clones of weaker affinity. 
50 Example 45: Alteration of fine specificity of sc r v D1.3 
displayed on onaoe dv mutagenesis and selection on 
immoo ilised turKev i vsozyme 
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n-. - entibodv ::r.cs her. ecc lysoz^e , - 
" ~ * . " ~- • - * c /M ~- vneress 



- : -is " -urr-ev' eoc lysctyme (TEL.) -itn £ ~. c --~\V-v ~~ 
;Tv, 0 5M-i. "(Haroer et ai (1957) y.oiecuiar .r--=ur.--c si 
-cVI-OE Wit et'ai (1986) Science 23^ P 74 /--•=.= . . 

- •"" "it' has oee.n suggested tr. 8 t -ais is Because ...e 
_,.._ arn . ne res idue cresent at position x21 or r.-L • v------ •• 

""• 2H - ne • ■ •_„ w is -,- c -- n «. residue at the same 

-= reoreser.tatec ~» -is — c-n_ = _ . _ 

~~ . ~ n ; r Thus mu-aoemsing trie - - = 

10 residues which Interact with glnl2i of KEL may facilitate 

bind "Al=ordIna" to Amir et al . supra, tyrosine "^"J? 

oosition 32. ohenylalanine at position ?1 =nc 
r^tonnan at position 92 of the light :™ ra « 
... ..Li, c V P ni . of HEL. In addition tyrosine at posi..on il- 
o : '""the "heaw caain also interacts. None c: rn ^se 
-osidues are predicted to be involved in determining whe 
main chain conformation of the antibody variable regions 
?Chcthia and Lesk (1987) Journal oi Molecular Biology 
20 196, p901-917). 

•^utaaenesis of c CAT3SCFvDl . 2 . 
'The oliconucleotioes n»u*L91.92. was orepareo too 
randomise phenylalanine at position 91 ( L91 ) ana 
t-/ptophan at position 92 (L92) or the light cnain. .he 

- cliaonucleotides mutL32, was prepared to ranao»x«e 
-v-osine at lioht chain position 32 ( Lo2 ) and the 
ollaonucleotidei nsurKlOl was prepared to « n «*«£se 
tyrosine at position 101 of the heavy cnam ( H101 ) . 

20 T^CGT^CCG AGG AGT ACT NNN NNN ATG TTG ACA GTA ATA 2" 

?'' L CTG ATA CCA TGC TAA NNN ATT GTG ATT ATT CCC 3' 

=• CCA GTA GTC AAG CCT NNN ATC TCT CTC TCT GGC - 

-eoresents a random insertion of equax amounts or 
-' C G 'or T) vitro mutaaenesis of the pnagemia vector. 

oCAT3scFvD1.2 ( examole 17) with the oiigonucleotiae 
nu-L91 «2 was carried out using an in vitro mutagenesis 
'kit (^ersham). The resultant DMA was trans formea by 

-10 electroooration into TGI cells using a 3xo-Rad 
electroDortor. 78.000 clones were obtameo ana ^ these 
we-e sc-aoed into 15mls or 2xTY/20% glycerol. This pool 
wis called D1.3L91L9 2. Single stranded DNA was preparea 
•-v -escue with K12K07 as described in SamorooK et 

^ 5 1^89* suora. and seauenced with the primer rDT ^Ql. using 
a Seauenase seauencing kit (United States Eiocnemical 

C2r? °ThIs 0n revealed that the DNA had been ^successfully 
mutaoenised as judged by tne presence or anas n oil 
= 0 four" DNA sequencing tracks at the nucleotide - os ^-°£| 
encodina L°l and L92. This mutagenised single st-anaea 
SSa was 9 suoiected to a further round of mutagenesis as 
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aoove wSir.g eirr.er nut 12 1 :r rjtHlwl c--zcr.---er-.-es. 
y.utaaenesis witr. mur L22 cave rise tc 71.C0C nones % rcc- 
caiiec Dl .2122 ) wnile mutHlCl cave 122 , COC cicnes v peel 
called D1.2H1C1). These clones were scraped ir.tr Icr.is 
5 c: 2xTY/20% glycerol. Single stranded DNA derivec frcr. 
each pool was sequenced wiir. tr.e cliconuciectides 21.2L4C 
and LINKSEQ1 respectively, as described acove. sr.c sr.owr. 
to be correctly randomised. 
Dl . 3L40: 

_ (J 3 Lnu unb L^b now nvjn - - - * ~ 

LINKSEQ1 : 

5 ' TCC GCC TGA ACC GCC TCC ACC 2 ' 

Preparation of rescued onage for affinity purification 

10- 20ui of bacteria derived from eacr. mutagemsed 

15 pool (plate scrapes) was used to inoculate 5 ml s of 
TY/Glu/Amp. All bacterial growth was at 27*C. After 2-3 
hours growth, 1ml was diluted in 5mls cf prewarmed 
TY/Glu/Amp and infected by addition of 0.5 mis of a 200 
fold concentrate of the M13K07gIII ^ No .3 preparation 

20 described in example 34 . After 1 hour of infection the 
cultures were centrifuged at 4,000 r . p.m. for 10 minutes, 
resuspended in 2xTY , 100ug/ml ampicillin, incubated for a 
further hour, transferred to 500 mis of 2xTY medium 
containing 100 ug/^1 ampicillin, 50 yg/ml kanamycin and 

25 crown for 16 hours. The remaining steps of phage 
preparation were as described in example 44 . Phage were 
"finally dissolved in lOmtt Tris, ImM EDTA pH7 . 4 at 1/ 100th 
the original culture volume - 
Affinity purif icatlcr. 

20 lOmis of turKey egc 1 y so cyme at a concentration' ' of 

lOmg/ml in 0.1M NaKC23. 0 . SMNaCl pH8 . 3 was mixed with an 
equal volume of swollen Cyanogen Bromide Activated 
Sepharose 4B ( Pharmacia ) , covaiently linked and washed 
according to manufacturers instructions. Before use this 

25 matrix ( TEL-Sepnarcse ) was wasned with 100 volumes of PBS 
followed by 10 volumes cf PBSM. The TEL-Sepharose was 
resuspended in an equal volume of PBSM and 1ml was added 
to 1ml of a 50 fold concentrate of phage in PBSM and 
incubated on a rotating platform for 30 minutes at room 

40 temperature- The actual pnage used for this step was 
prepared by mixing- equal volumes of the independent 
preparations of tre "r'le randomised pools ( Dl . 2 L9 19 2 , 
D1.3H101 and D1.2L22). After this binding step, the 
suspensions were loaded onto a disposable polypropylene 

4 5 column (Poly-Prep columns. - Bio-Rad ) and washed with 200 
volumes of PBS containing 0.1% Tween 20. Bound phage 
were eiuted with 1ml of lOOmM tr iethy lamine and 
neutralised with 0.5ml 1M Tris ( pH7 . 4 ) . A dilution 
series was prepared from the eluate and used to infect 

50 TGI cells and plated out on TY plates containing lOOug/mi 
ampicillin, 2% glucose. Plates carrying approximately 
10 6 colonies were scraped into 3mls of 2xTY, 20% glycerol 
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and s-crec at -CC. iC-1 zz "is - c s usee t.. _.._-.= .-_-: 
=eccr.c rounc culture -».ic. -as - -s. — e- 

No. 2 as cescriaec eoove ; using = - - n -- c — _- ~_ _^r_^^ 
- OOmis ) . Second end -hire rounc a ::----"V w = xu...r. 
5 Purification steps were carried cur as cescncec accve 
rcr me first round. 

Analysis bv ELISA _^ . ... 

40 colonies derived f rem the whirc rounc cr r. 
DU ~- -ication en TEL-Sepnarose were picked into a ?o wel. 

-.0 Slate and crown overnight at 27-C in 200ui of TY 'Amp/Glu. 
Dhaoemid particles were rescued and preparec rcr ---S~ as 
desc—bed in examole 18. ELISA plates were coatee 
overniaht at 27«C with hen egg lysotyme (KEL) cr turney 
ecc Iviorvme ( TEL ) at a concentration or 200ug/mi m 50m.". 

15 NaHCO-: p.H9.6 ELISAs were carried out as aescribec in 

examole IS. . _ , 

" A'te^ 15 minutes incubation in substrate. 13 clones 
ue - e found to be neoative (OD<0.05 on KEL and TEL). In 
all positives, a sional of 0.1-0.78 was scoree on HEL 

2 n with "the exceotion c: cne where signal on KEL was 0.076 
but sicnal on TEL ( OD 0.169) brought it in to the 
oos --«ve crouD. The control phagemid preparation haa a 
percentaae ratio of signal TEL : KEL of 22%. Clones were 
deemed to have an unaltered binding if the ratio or 

75 T~L:KEL was less than 40%. 9 clones fell into this 
cateaory. 16 samoies were* scored as having altered 
bincinc with a ratio cr signal on TEL: KEL of between 40- 

200%. ~ . . . 

A dilution series was made on 10 clones wmch were 

20 anaivsed'bv ~ELISA ir. c of these clones the profile of 
b-ndina to HEL was the same as the original clone 
7=CAT2SC~vDl .3 ) while the signal with TEL was increased 
(see fiaure 50 clone =1). In the remaining 4 clones, the 
increased signal -itr. TEL was accompanied by a decrease 

25 in signal on ~KEL l see figure 50 clone A4 ) . 
Competition with soluble antigen 

^11 of trie isolated clones retained binding to HEL 
to varyina extents. In order to determine wnether a 
soluble antiaen couic compete with the immobilisea 

40 antiaen. a parallel .experiment was carried out. as aoove. 
but with the addition of hen egg lysozyme (lmg/ml) to 
-*-L-Sepharose before incubating with the pnage 
oreoaration. This exoeriment was carriec- througn 3 
-ounds of column purification and 40 colonies were 

<i5 oicked. None c: these clones bound HEL or GtL 
demonstrating that the soluble antigen nao been 
successful in competing out binding to the immooilisea- 
antigen. 

Examole 46 . , 

= 0 y.ociricati o n of the Specificity of an Antiboay — =v 

Reoxacement cr tne VLK Domai n ov a VLX Librae deriveo 
from an Unimmunisec Mouse 
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When sr. 2r.ticccy specificity. is isciatec it will 
crrer. be cesiracie to alter some cf its prcpernes 
particularly :-s af fir.iry cr specificity. This example 
demons—ares thai me specificity cf an antibody can re 
z altered by use cf a different VL domain derived form a 
repertoire cf sucn domains. This metnod using display on 
pnage would be appiicaole tr improvement cf ex:s:;:.: 
monoclonal antibodies as well as antibody specificities 
derived using "phage antibodies. This example shows tr.at 

10 replacement cf the VL ccmain cf scFvDI . 3 specific for Hen 
eggwhite lyscryme ( HEL ) with a library cf VL domains 
allows selection cf scFv fragments with bind also to 
Turkey eggwhite lysozyme (TEL). More generally this 
experimental approach shows that specificities of 

15 antibodies can be modified by replacement cf a variable 
domain and gives a further example of the hierarchical 
approach to isolating antibody specificities. 

The D1.3 heavy chain was amplified from an existing 
construct ( pSWl-VHDl . 3 , Ward et al . , 1989 supra) by PCR 

20 using the primers VK15ACK and VH1FOR, the light chain 
library was amplified from a cDNA library derived from 
the spleen of an unimmunised mouse, which was synthesized 
by using the MJKFONX primers 1,2,4,5 for the first strand 
as in example 14. The subsequent amplification was 

25 performed with the same forward primers and the VK2BACX 
primer. The PCR assemoly of the D1.3 heavy chain with 
the light chain library was mediated by the signal chain 
Fv linker as described in example 14. 

Cloning the assembled FCR products ( scFv sequences) 

30 was done after an additicnai PCR step (pull-through) 
using a BACK primer providing an ApaLI site and forward 
primers which contained a Not 1 site as described in 
example 14. ApaLI /Not 1 digested PCR fragments were 
cloned into the similarly digested vector fdCAT2 as in 

35 example 11. 5x10- transformations were obtained after 
electroporation cf the liaation reaction into MC1061 
cells. 

Screening cf :r.e phage library for TEL binders was 
performed by panning. Polystyrene Falcon 2058 tubes were 

40 coated (16 hrs ) wim Z ml of TEL-PBS (3 mg/ml ) and 
blocked for 2 hrs with 4 ml MPBS (PBS containing 2% 
skimmed milk powder ; . Phage derived from the library 
( 5xl0 i0 transducing unites) in 2 ml of MPBS (2%) were 
incubated in these tubes for 2 hrs at room temperature. 

4 5 The tubes were washed 2x with PBS , Ix with 50 mM Tris- 
HC1. pH 7.5, 0.5 M NaCl: lx with 50mM Tris-HCl. pH8.5, 
0.5 M NaCl. 50 mM Tris-HCl . pH 9.5 M NaCl. Finally phage 
were eluted with 100 mM triethylamine . Eluted phages 
were taken to infect TGI cells, the cells were plated on 

d0 2xTY plates containing 15 ug/ml tetracycline ar.J grown 
for 16h. The colonies were scraped into 25ml of 2xTy 
medium and the phages were recovered by PEG 
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precipiiaiion. After a second round c: seiec-:cr. for TZ1 
binders ELISAs were performed as described i example 2 ) . 

Analysis of 100 clones froir. the library refers 
affinity selection by ELISA on plates coated with TEL 
5 showed no binders. In contrast. after :wo rounds c: 
selection for TEL binding phages about 10% cf tne phage 
clones showed positive ELISA signals. ELISA signals were 
scored positive with values at least two fold higher tnar. 
the fdCAT2 vector without insert. A more detailed 

10 analysis of binding properties of TEL binding phages is 
shown in figure 51. 

As shown in figure 51, several clones were found 
which bind equally to TEL and HEL in contrast to the 
original D1.3 scFv, which binds almost exclusively to 

15 HEL7 None of the clones bound to BSA. These findings 
indicate that the specificity of these scfvs was broader 
in comparison to Dl . 2 . since both lysozymes ( HEL and TEL) 
are recognized, but specificity for lysozyme was retained 
since other BSA was not recognized. The deduced amino 

20 acid sequences (derived by DNA sequencing) of two light 
chains from clones MF1 and M21. which correspond to 
clones 3 and 9 in figure 51 are shown in figure 52. _ 

In the case of isolated antibodies the experimental 
approach as described in this study may be particularly 

25 useful if recognition of a wider range of different but 
closely related antigens is desired. For example, 
monoclonal antibodies against viral antigens viral 
antigens like V3 loop of KIV-1 gpl20 are in most cases 
quite specific for one particular virus isolate because 

30 of the variability in this part of the KIV-1 env gene. 
The modification of such antibodies in the way described 
in this example may lead to antibodies which cross react 
with a wider range of HIV-1 isolates, and would 
therefore . be of potentially higher therapeutic or 

25 diagnostic value. 

A similar approach could be taken in which a light 
chain variable domain cf desired properties is kept fixed 
and combined with a library of heavy chain variable 
domains. Some heavy cnains, for example VHD1.3 retain 

40 binding activity as single domains. This may allow a 
strategy where VH ' domains are screened for binding 
activity when expressed on phage and then binding domains 
combined with a library of VL domains for selection of 
suitable light chain partners. 

4 5 * Example 47 

Selection of a Phaae Antibodv Specificity bv Binding to 



an Antioen attached to Maanetic Beads. 


Use 


of a 


Cleavable Reaaent to allow elution of Bound 


Phaae 


under 



Mild Conditions 

50 When a phage antibody binds to its antigen with high 

affinity or avidity it may not be, possible to elute the 
pnage antibody from an affinity matrix with a molecule 
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related to the antigen. Alternatively, there may be no 
suitable specific eiuting molecule that can be prepared 
in sufficiently high concentration. In these cases it is 
necessary to use an elution method which is not specific 
5 to the antigen-antibody complex- Unfortunately, some of 
the non-specific elution methods disrupt phage structure, 
for instance phage viability is reduced with time at pH12 
(Rossomando, E.F. and Zinder, N. D. J. Mol. Biol. 26 387- 
399 1968). A method was therefore devised which allows 

10 elution of bound phage antibodies under mild conditions 
(reduction of a di thiol group with dithiothreitol ) which 
do not disrupt phage structure. 

Target antigen was biotinylated using a cleavable 
biotinylation reagent- BSA conjugated with 2-phenyl-5- 

15 oxazolone (0. Makela et al. supra) was modified using a 
biotinylation reagent with a cleavable dithiol group 
( sulphosuccinimidy 1 2 - ( biotinamido ) ethyl-1 , 3 - 
di thiopropionate from Pierce ) according to the 
manufacturers instructions. This biotinylated antigen 

20 was bound to streptavidin coated magnetic beads and the 
complex used to bind phage. Streptavidin coated magnetic 
beads ( Dynal ) were precoated with antigen by mixing" 650ug 
of biotinylated OX-BSA in 1 ml PBS, with 200yl of beads 
for at least 1 hour at room temperature. Free antigen 

25 was removed by washing in PBS. One' fortieth of the 
complex (equivalent to 5pl of beads and an input of 17.5 
pg of OX-BSA) was added to 0.5ml of phage in PBSM (PBS 
containing 2% skimmed milk powder) containing 1.9xl0 i0 
phage particles mixed at the ratios of pAbD1.3 directed 

30 against lysozyme (example 2) to pAbNQll directed against 
2 - phenyl - 5 -oxazolone (example 11) shown in Table 12. 

After 1 hour of incubation with mixing at room 
temperature, magnetic beads were recovered using a Dynal 
MPC-E magnetic desperation device. They were then washed 

35 in PBS containing 0.5% Tween 20, (3x10 minutes, 2x1 hour, 
2x 10 minutes ) and phage eluted by 5 minutes incubation 
in 50ul PBS containing lOmM dithiothreitol . The eluate 
was used to infect TGI cells and the resulting colonies 
probed with the oligo NQ11CDR3 

40 (5' AAACCAGGCCCCGTAATCATAGCC 3') 

* derived from CDR3 of the NQ11 antibody (This hybridises 
to pAbNOll but not pAb D1.3). 

A 670 fcld enrichment of pAbNQll (table 12) was 
achieved form a background of pAbD1.3 in a single round 

45 of purification using the equivalent of 17.5pg of 
biotinylated OX-BSA. 

This elution procedure is j ust one example of an 
elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 

50 sequence encoding amino acids constituting a recognition 
site ^ for cleavage by a highly specific protease between 
the foreign gene inserted, in this instance a gene for an 
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an-ibocy rracment. =nc rr.e sequence c: tr.e renair.cer cf 
cene III- Examples cf sucr. highly specific ;rc:sases ere 
Factcr X and thrombin. After binding cf tne pr.ace rc ar. 
■ affinity matri:-: and eiution :o remove non-specific 
5 binding phage and weax binding phage, tne strongly r cunc 
ohaoe would be removed by washing "Che cciumn w;tr. 
protease under conditions suitable for digestion at tne 
cieavaoe site. This would cleave the antibody fragment 
from the phage particle eiuting the phage. These pnage 
i0 would be expected to be infective since the only protease 
site should be the one specifically introduced. Strongly 
binding phage could then be recovered by infecting e.g. 
Z.coli TGI cells. 
Example 48 

1= . - Use ox- Cell. Selection to . provide an Enriched ?ocl cf 
Anticen Specific Antibody Genes. Application tc reducing 
tne Complexity of Repertoires of Antibody Fragment 
displayed on the Surface of Bacteriophage 

There are approximately 10 x ** different combinations 

20 of heavy and light chains derived from the spleen of an 
immunised mouse. If the random combinatorial approach is 
used to clone heavy and light chain fragments into a 
sincle vector to display scFv , Fv or Fab fragments on 
phage, it is not a practical proposition to display all 

25 i 0 x combinations. One approach, described in this 
example, to reducing the complexity is to clone genes 
only from antigen selected cells. (An alternative 
approach, which copes with the complexity is the dual 
combinatorial library described in example 26). 

20 The immune system uses the binding of antigen by 

surface immunoglobulin to select the population of cells 
that respond to produce specific antibody. This approach 
cf selecting antigen binding cells has been investigated 
to reduce the numoer cf combinatorial possibilities and 

25 so increase the chance of .recovering the original 
combination of heavy* and light chains. 

The immunological response to the hapten 4 -hydroxy - 
3-nitrophenylacetic acid (NP) has been extensively 
studied. Since the primary immune response to NP uses 

40 only a single light cnain the applicants were able to 
examine the use of the combinatorial method using a fixed 
light chain and a library of heavy chains to examine the 
frequencies genes tnat code for antibodies binding to NIP 
( 4-hydroxy-3-iodo-5-n i tropnenyl acetic acid ) . The 

4 5 applicants have thus used this system to investigate the 
merits of selecting cell populations prior to making 
comoinatorial libraries for display on phage. 
Methods 

2. 1 Hapten conjugates 
50 Chicx gamma globulin ( CGG . Sigma. Poole. UK) and 

Bovine serum" albumen (3SA. Soehringer . Mannneim. Germany) 
were conjugated with NP-O-succinimide or NIP-caproate-O- 
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succinimide ( Cartridge Research Bicchenicais. Ncrtr.wicr.. 
UK ) based en me metnod describee cy Erowr.stcne 
(Brownsrone. A., Mitcr.ison, N . A . and Pitt-Rivers, r. . . 
Immunology 1966. 1C: 465-492). The activated compounds 
5 were dissolved in dimethyif ormamide and added tc proteins 
in 0.2 M sodium hydrogen carbonate. They were mixed w:tr. 
constant agitation for 16 hours at 4*C and then ciaiysec 
against several changes of 0.2 M sodium hydrocen 
carbonate. They were finally dialysed into pnesphate 

10 buffered saline (PBS). The conjugates made were NP. ->CGG , 
NIP^qBSA. The NIP^gBSA derivative was subsequently 
biorinyiated using a biotinylation kit purchased from 
Amersham ( Amersham International, Amersham, UK). 
2.2 Animals and immunisation 

15 Mice of the strain C57BL/6 were immunised by 

intraperitoneal injection of lOOug NP-CGG in Complete 
Freunds Adjuvant at 10 weeks of age. 
2.2 Spleen preparation 

Seven days after immunization cells from the spleen 

20 were prepared as described by Galfre and Milstein 
(Galfre, G. and Milstein. C. Methods • Enzymol . 1981. 73:3- 
46). Red cells were lysed with ammonium chloride (Boyle, 
W. Transplantation 1968.6:71) and when cell selection was 
performed dead cells were removed by the method described 

25 by von Boehmer and Shortman (von Boehmer, H. and 
Shortman, K f J. Immunol, Methods 1973:1:273). The cells 
were suspended in phosphage buffered saline (PBS), 1% 
Bovine serum albumen, C.01% sodium azide; throughout all 
cell selection procedures the cells were kept at 4*C in 

20 this medium. 

2.4 Cell Solution 

Biotinyiatec NIP-BSA was coupled to streptavidin 
coupled magnetic beads ( Dynabeads M2B0 Streptavidin, 
Dynal, Oslo, Norway) by incubating 10 s beads with lOOug 

25 of biotinylated protein for 1 hour, with occasional 
agitation, and then wasnmg five times to remove unbound 
antigen. The coupled beads were stored at 4*C in medium 
until required. For selection of antigen binding cells 
the cells ( 2-4x10' /mi) were first incubated for 30 

40 minutes with uncoupled beads, at a bead: cell ratio of 
1:1, to examine the decree of non-specific binding. The 
beads were then separated by placing the rube in a 
magnetic device (MPC-E Dynal) for 3-5 minutes. The 
unbound cells were removed and then incubated with NIF- 

45 BSA coupled magnetic beads, at a bead:cell ratio of 
0.1:1, for 60 minutes, with occasional agitation. The 
beads and rosetted cells were separated as described 
above. The beads were then resuspended in 1 ml of medium 
and the separation repeated; this process was repeated 5- 

50 7 times until no unbound cells could be detected when 
counted on a haemocytometer . 

For the depletion of surface immunoglobulin positive 
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ceils the cells were incubated with 20uc ^ic'ir.yictei 
cost: an-i-mouse poiyvaienz immunoglobulin (Sigma. Pcole, 
UK). The cells were then washed twice with medium and 
added to streptavicivin coupled magnetic beads at a bead 
5 to cell ratio of 30:1. After 20 minutes incubation the 
beads and rosetted cells were separated by applying tr.e 
magnetic device three times - taking the supernatant eacn 
time. 

2.4 DNA/cDNA preparation, PCR amplification and cloninc 
10 DNA was prepared by a simple proteinase -K digest 

method that was particularly convenient for small numbers 
of cells (PCR Protocols: A Guide to Methods and 
Applications. Ed Innis M.A. , Gelfand D. H. , Sninsky J.J. 
and White T. J. Academic Press). RNA preparation and 

15 subsequent cDNA synthesis was performed as described by 
Gherardi et al (Gherardi E. , Pannell R. and Milstein C. 
J. Immunol. Methods, 1990. 126:61-68). PCR and cloning 
of the heavy chain libraries was performed using the 
primers and conditions described by Ward et al (Ward, 

20 E.S., Gussow, D. , Griffiths, A.D., Jones, P.T. and 
Winter, G., Nature, 1989. 341: 544-546); 40 cycles of 
PCR amplification were performed. The VH and Fv 
expression vectors used were adapted from those 
previously described by Ward et al. They were both 

25 subcloned into pUC119 ( Veira and Messing see later) and 
the Fv expression vector was modified to include a 
germline lambda-1 light chain (obtained as a gift from T. 
Simon (originally cloned by Siegfried Weiss, Basel 
Institute of Immunolocv ) ) . THe vector is shown in Figure 

30 53. 

2.5 Expression and ELISA 

For screening single colonies were picked into 
individual wells of microtitre plates (Bibby) in 200yl 2 
x TY/Ampicillin lOOug/ml /0 . 1 % glucose and then incubated 

35 at 37*C for 5-6 hours with agitation, Isopropyl-{5-D- 
thiogalactopyranoside ( IPTG , Sigma, Poole, UK) was then 
added to a final concentration of 1 mM and the incubation 
continued for a further 16 hours at 30'C before 
harvesting the supernatants . The wells of Falcon ELISA 

40 plates ( Becton Dickenson, N.J., USA) were coated 
overnight at room temperature with NIP^q-BSA (40yg/ml in 
PBS ) and then blocked with 2% skimmed milk powder in PBS 
for 2 hours at room temperature. The bacterial 
supernatants were added and incubated at room temperature 

4 5 for 1 hour and then the plates were washed three times 
with PBS. Peroxidase con jugated-Goat anti-mouse lambda- 
chain (Southern Biotechnology , Birmingham, USA) was added 
and again incubated for 1 hour at room temperature before 
washing' six times with PBS and then developing with 2,2*- 

50 Arino-bis ( 3-ethylbenrthiazoline-6-sulf onic acid) (Sigma, 
Poole, UK) as the peroxidase substrate. The optical 
density at 405nm was measured using a Thermomax 
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"icrccisis rsscer y.cisc-icr lsv^zss, y.er.ic r 3 r -: . _ ^ .-. 
citer 20 nir/jtes . Western cic-*::r.c using tr.e C-:2rr.i-=- 
myc rag as cesczribec ir. example 27. 

3.1 Comparison of RNA/DNA and an'iaen selected cells 

5 The results c: sr.tz.gen selection are sncwn ;r. Table 

12. Less tnan 1% cf cells bind tc NIP-ESA ccated reads 
and the non-specific binding is very low. Assessment cf 
the propcrticn of expressed genes from eacn VH library 
-using western blotting snowed that full length VH domains 

10 were expressed in 95% (19/20) cf ail clones wnen RNA was 
used as the starting material but only 60% (12/20) cf 
clones when DNA (either selected cells or from total 
spleen) was used as the starting material. This 
difference prcbably results from the fact that many re- 

15 arranged pseudogenes could be amplified with our primers 
and it appears that there must be some degree cf 
selection, at the level of transcription, for functional 
genes . 

A variable number of clones from each type of 

20 library were screened for the production of Fv fragments 
that bound to NIP. Initial screening ELISAs were 
performed and positives taken to include those with an 
optical density of at least twice the background. The 
initial positives were re transformed and the binding 

25 checked in duplicate; it was confirmed that the binding 
was specific to NIP and - not to BSA. The frequency of 
confirmed positive NIP binding clones for each starting 
material are shown in Table 14. Using DNA as the 
starting material for the PCR amplification is 

20 approximately equivalent tc sampling the cells present' as 
there is only one functional re- arranged heavy chain gene 
and at most one re-arranged pseudogene per B-cell- 
Ampiifying f rem tne RNA of an animal of course biases the 
repertoire to the reacting 5-cells and in a recently 

2 5 immunised animal this would be expected to give some bias 
towards the immunogen. The data in Table 14 clearly 
snows how powerful tnis selection is with the numoer of 
antigen specific genes being enriched at least 96 fold 
when RNA made one ween after primary immunisation is used 

40 as the starting r,a:er:ai. The data also show that 
selection for antigen binding cells also provides an 
alternative powerful metnod of selection for the required 
genetic starting material. 

2.2 Comparison of Total Soleen/surf ace immunoglobulin 
4 5 depleted Spleen 

To examine the cellular basis of the selection 
achieved by using RNA as the starting material we 
depleted the spleen of surface immunoglobulin positive 
cells using biotmylated anti-polyvalent immunoglobulin 
50 and streptavidin conjugated magnetic beads. Prior FACS 
analysis had demonstrated that this method removed over 
96% of surface immunoglobulin positive cells. RNA was 
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oreoared frcr. :o::. surface i~unogicbuii- depleted ar.c 
non-oeoieiec iacticns cf a spleen and VK libraries -ace 
from each. The ELISA results (Table 14) snow ma" tr.e 
numoer of positives is certainly not decreased ry this 
z depletion suggesting that the major portion cf tne 
selective effect of using RNA may come rrcrr, surface 
immunoglobulin negative G-cells (probably plasma ceils). 
Conclusions 

The applicants have demonstrated the importance cf 
10 the amplification of specific RNA produced by 
immunisation to enable binding activity to be obtaineid 
with any reasonable frequency from a combinatorial 
library. The applicants have also demonstrated an 

alternative strategy which mimics that of the immune 

1 5 system itself. Using a simple method of selecting fcr 

antigen binding cells gave comparable enrichment and- has 
the "added advantage of using a broader range of genes. 
^ r first sight the random combinatorial approach would 
aooear unlikely to produce the original combination of 

20 heavy and light chain because of the vast diversity of 
the 'immunoglobulin genes. The applicants show here, 
however, that following immunisation, with a good 
antiaen/ 10% of the VK genes from total splenic RNA 
isolated come from antigen specific cells so the 

23 effective size of the repertoire is greatly reduced. 
This together with the fact that promiscuity of the heavy 
and light chains occurs (examples 21 and 22) accounts for 
the fact that combinatorial system does produce antigen 
binding clones with reasonable frequency. The data also 

20 suggests that the bulk of the antigen specific RNA comes 
from surface immunoglobulin negative cells which are most 
likely plasma cells. 

The data also show that this simple method of 
antiaen selection may be useful in reducing the 

2 5 complexity of the combinatorial library. In this case an 

enrichment of antigen specific genes of at least 56 fold 
has been achieved which in the normal case where heavy 
and light chains are unknown would result in a reduction 
of the complexity of the combinatorial library by a 

40 factor of over 3000. A further advantage of using 
antigen selected cells (and amplifying from DNA to reduce 
any bias due to the state of the cell) is that this 
results in a broader range of antibody genes amplified. 
It may be that a simple cell selection such as that the 

4 5 applicants have described here in combination with phage 
selection would be ideal . From this example it can be 
seen that by combining cell and phage selection methods 
one could reasonably expect to screen all the 
combinations of heavy and light chain (approximately 

50 4xl0 10 ) and would thus be able to screen all binding 
combinations althougn this would not, at present, be 
possible from whole spleen (approximately 4xl0 x 
combinations, assuming 50% 5-cells ) . 
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Table I. -r.ricr-T.er.: cf pAc (-1.2) ir" vectcr pcpuiancn 



! INPUT RATIO* 


OUTPUT RATIO 




ENRICHMENT* !' 


! 


olico" 


— m T C ** C 




j pAb: fd-CATl 
! 


pAb:-o~2i phage 


pAb : tcrai 
phage 


!= 

i: 

1 


Single Round 1 j; 


l:4xl0 5 


43/124 




1.3xlC 3 jj 


1:4x10* 


2/82 




1-0x10* jj 


Two Rounds 


i 


1:4x10* 


197/372 




2. 1x10* 


l:4xl0 5 


90/356 




1.0x10* 


1 : 4x10* 


27/183 


5/3*6 


5.9x10 s 


1 : 4xl0 7 


13/278 




1.8x10* 



Footnotes: a Approximateiy 10 12 phage with the stated 
ratio of pAb (D1.3) : FDTPs/Bs were applied to 1 ml 
lysozyme-sepharose columns. washed and eluted. b TGl 
cells were infected with the eluted specific binding 
phage and plated or.to TY-tet plates. After overnight 
incubation at 30-37 'z. the plates were analysed by 
hybridisation to the 32 p, labelled oligonucleotide VH1FOR 
(Ward et al op cit ) which is specific to pAb D1.3. c 
Single colonies from overnight plates were grown, phage 
purified, and tested fcr lysozyme binding. Enrichment 
was calculated from the oligonucleotide probing data. 
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Table 2 Er^*icrjneni cf pAb (DI.3) fr" nixed pAb pcpuia^-cr. 



Input Ratiol 
( pAbDl . 2 : pAbNQll ) 


Output Ratio 2 
(pAb Dl. 2: Total phage) 


Earichaent jl 


Sir.ale Round 


1 

1 




1! 


1 : 2,5 x 10 4 


18/460 


0.98 x 10 : " 




I : 2.5 x 10- 


3/770 


0.97 x 10- 


1 
i 


1 : 2.5 x 10 6 


0/112 




pAb NQ11 only 


0/460 




Second Round 






1 : . d x lu 


1 nq/i 7n 


1.75 x 10 4 


1 : 2.5 x 10 5 


101/130 


1.95 x 10 s | 


1 : 2.5 x 10 6 


102/204 


1.26 x 10* 


1 : 2.5 x 10 7 


| 0/274 




1 : 2.5 x 10 e 


0/209 




pAb NQ11 only 


0/170 







Notes 

1. lO 1 ^ phage applied ro a lysoryme column as in table 
1 . 

2. Plating of ceils and probing with oligonucleotide as 
in table 1 , except the oligonucleotide was 
D1.3CDR3A. 
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Table 2 : Enzyme ac"iv 


-iry cf phage -er.z™ 






i 


nc cr enzyme 
cr No. of phage 


i 

I\o uc 

( CD/hr > 

■ 


molecules j 
cf Er.:pe r 
eruivaier.t !' 

* t >:ie-* : x : 


Pure Enzyme 


1 325 


34 


- 4 = 1: 


Pure Enzyme 




17.4 


12.25 r 


Pure Enzyme 


88.7 


8.7 


6.125 I'i 


Pure Enzyme 


44.4 


4.12 


3.06 ! 


Pure Enzyme 


22 . 2 


1.8 




Pure Enzyme 


.. ... _ 11. 1 


0.86 


i 

. 0.76 I 


No Enzyme 


1 o 


0.005 


1 o 


f d-Dho£*al66/TGl 


i . £3xl0 ix 


1 

1 5.82 


4.2 | 


fd-CAT2/TGl 


| 1.0x10" 


0.155 


0.112 | 


fd-phoAlal66/KS272 


7 . IxlC 10 


10.32 


1 7.35 1 


fd-CAT2/KS272 


| S.2xl0 12 


0.038 


0.027 | 
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Table 5 
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^> — - 
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— V 
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1- ? 4 = 
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5 ^ u ^ 
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3 < 
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Soiubie e n z v m e Phase ?r.;vrr.? 

(Data from Chaidarogiu (Data from ihis study: 
e; al 19S8> 

phoArg 1 66 phoAla I 66 phoArs 1 66 p n o A ! 3 i r» 6 

Km (uM) 12.7 1620 73 1070 

Relative K m 1 127 1 . 14.6 

Relative 1 0.397 1 0.360 

kcat 

Relative 1 0.0032 1 0.024 

kcat/K-m 

Table 6. Kinetic parameters of soluble and phage-bound 
alkaline phosphatase. Relative values of k cal and K ra for the 
soluble enzyme and for the phage enzyme were derived by 
comparing with the values for wild type enzyme (phoArgl66) and 
the phage-wild type enzyme (fdpho Are 1 66). 
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F.nzvme Activ 

SAMPLE 
(Constructihost) 


itv of Phase 

INPUT PHAGE 

PARTICLE 

(pmol 


SamDles 

RATE j 
(pmoi substrate 
con veried/min) 


SPECIFIC 
ACTIVITY 
^mol substrate 
con* cncu/ iiiui 
phase/ mi p.: • 


fdohoArg 1 66 
:TG1 


2.3 


8695 |3700 j 


fciphoAla 1 66 
:TG1 


5.6 


2111 


380 j 


fdohoAlal 66 
:KS272 


1.8 


2505 


1400 


fdCAT2: 
TGI 


3-3 


<l 


<0.3 j 


fdCAT2: 
KS272 


J .0 


70 12 
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Table 8. Affinity chromatography of phage-enz vmes 



SAMPLE 


INFECTIVIT^ 
(Percentage of 
phage particles 
which are 
infectious ) 


LNrUI rrlAvjc 

PARTICLE 

(xlO 9 ) 


PARTICLE 
<x 10 ? > 

l 


| fdoho Ars 1 66 


10.377c 


1 5 1 60 


: 3 0 


| fdohoAlal 66 


10.267c 


13040 


190 i 


fdCAT2 


1 4.757c 


14000 


12 | 



WO 92/01047- 

Nucleotide mutation 
(base position) 
308 

703 

706 

724 

725 

734 



PCT/GB91/0U3-J 

Amino acid mutation Number 

Ala->Vai (VK FR3) 3 

Tyr->Asp (VL CDR3) I 

Ser-> Gly (VL CDR3) 1 

Gly-> Ser (VL FR4) 21 

Gly-> Asp (VL FR4) 3 

Thr-> He (VL FR4) 1 



Table 9 Mutations in scFvBIS selected by display on phase 
t'oliowinc crowth in mutator strains 
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Tahle 12 

Enrichment of pAbNQl 1 from pAbD1.3 background by 
affinity selection using Ox-BSA biotinylated with a 
cleavable reagent and binding to streptavidin magnetic 
b eads 



InDut Ratio' 


Output Ratio- 


Enrichment 


(oAhD1.3:oAhN01 H 


(oAh SOU: Total ohaee) 




2235:1 


61/197 


690 


22250: 1 


5/202 


• 

54-1 



1. 1.9xlO i0 phage in 0.5mi mixed tor Ihour with 5ul streptavidin-magnexic 
beads precoated with antigen (OX-BSA). 

2. Colonies prohed with the oligonucleotide NQ1ICDR3 
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Table : Resuits or* antigenic ceil seieciior. 

Number 9 C of total 

»f Cells cells 

ToizJ spieer. celis -ix 10" 

Cells bound to O.SxlO 4 0.02 

uncoated beads 



Cells bound to NIP-BS A 22x 1 0 4 0.55 

coated beads 



.* o 3 
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Table : Results of rv NIP binding ELI S As from seieciec ceii populauons: 

Positives *De?ree of 

Enrichment 

Cell Population 

DNA from total soieen 0/940 



RNA from total Spleen 2 9/2 S 2 > 96 

DNA from antigen 17/282 >56 
binding ceils 

Surface Ig Selection 



RNA from Surface Ig 8/94 
negadve fraction 

RNA from total Spleen 4/94 



" Degree of enrichment compared to totai DNA. 
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CLAIMS 



I. A method cf producing a -uiri^eric -err.oer r: 3 
specific binding pair ( sop }, "which method ccr.rrises: 
expressing in a recombinant host crcar.is- a first 
5 polypeptide chain cf said sop member cr a ceneticallv 

diverse population cf that type of sbp member "fused t: a 
component of a secreted repiicabie genetic cisciav rac>;aoe 
(rgdp) which thereby displays said polypeptide at the 
surface of the package, and expressing in a recombinant 
IC host organism a second polypeptide chain of said rr.ui time-" 



20 



25 



30 



40 



45 



50 




nucleic acid that is capable of being packaaed usinc said 
component therefor, whereby the genetic material cf each 
said rgdp encodes a said polypeptide chain. 



2. A method according to claim 1 wherein both said chains 
are expressed in the same host organism. 

2. A method according to claim 2 wherein said first and 
second chains of said multimer are expressed as separate 
ch£ins from a single vector containing their resDective 
nucleic acid. 

4. A method according tc any one of claims I, 2 and 3 
wherein at least one of said polypeptide chains is 
expressed from a phage vector. 

5. A method according to any one of claims 1 to 4 wherein 
at least one of said polypeptide chains is expressed from 
a pnagemid vector, the method including using a helper 
phage, or a plasmid expressing complementing phaae aenes, 
to help package said pnagemid genome, and said comoonent 
or the rgdp is a capsid protein therefor. 

6. A method according tc claim 5 wherein said caDsid 
protein is absent, defective cr conditionally defective in 
the helper phage. 

7. A method according tc any one of the preceding claims 
whic 7 h comprises introducing a vector capable of expressing 
said first polypeptide cnain into a host organism which 
expresses said second polypeptide chain in free form, or 
introducing a vector capable of exDressing said second 
polypeptide in free form into a host oraanism which 
expresses said first polypeptide chain. 

8. A method according to any one the preceding claims 
wherein each said polypeptide chain is exoresser* from 
nucleic acid which is capable of being packaged as a rgdp 
using said component fusion product, whereby encoding 
nucleic acid for both said polypeptide chains are packaged 
in respective rgdps. 
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9. a metnod according :c any one c: tr.e preceding ci2i-s 
wherein the nucleic acid encoding at least one c: saic 
first and second polypeptide cnains is octsinec rrcr. a 
library of nucleic acid including nucleic acid enccd.ng 

5 said chain or a population of variants of said cr.air.. 

10. A method according to claim 9 wherein both tne first 
and- second polypeptide chains are obtained from respective 
said libraries of nucleic acid. 

10 

11 m A method of producing a member of a specific binding 
pair (sop) from a nucleic acid librar-y including nucleic 
acid encoding said sbp member or a genetically diverse 
population of that type of sbp member, which method 

15 comprises: 

expressing in recombinant host cells polypeptides encoded 
by said library nucleic acid fused to a component of a 
secreted replicable genetic display package (rgdp) or in 
free form for association with a polypeptide component of 

20 said sbp member which is expressed as a fusion to said rgdp 

component, so that the rgdp displays said sbp member in 
functional form at the surface of the package, said librax-y 
nucleic acid being contained within the host cells in a 
form that is capable of being packaged using said rgdp 

2 5 component, whereby the genetic material of an rgdp 

displaying an sbp member contains nucleic acid encoding 
said sbp member or a polypeptide component thereof. 

12. A method of producing a member of a specific binding 

2C pair (sbp), which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
said sbp member or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 

2 5 with a component of a secreted replicable genetic display 

package ( rgdp ) which displays said sbp member at the 
surface of the package, nucleic acid encoding said sbp 
member or a polypeptide component thereof being contained 
within the host "ceil in a form that is capable of being 

4 0 packaged using said rgdp component, whereby the genetic 

material of the rgdp displaying said sbp member encodes 
said sbp member or a polypeptide component thereof, said 
host organism being a mutator strain which introduces 
genetic diversity into the sbp member to produce said mixed 

4 5 population, 

13. A method of producing a member of a specific binding 
pair ( sbp ) # which method comprises : 

expressing in recombinant host cells nucleic acid encoding 
50 said sbp member or a genetically diverse population of that 

type of" sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 
with a comoonent of a secreted replicable genetic display 
packaae (radp) which displays said sbp member in functional 
r5 form at the surface of the package, nucleic acid encoding 

said sbp member or a polypeptide component thereof being 
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coniainec within the hcs: ceil ir. a f err. that is czracie 
cf beir.g packaged using said rcdz cc"3cner-. wnsrerv 
genetic material of the rgdp "displaying an sec rr.err.ee r 
encodes said sop member cr a polypeptide component tnerecf * 
5 said fusions being with bacteriophage capsic rrzteir. and 

rhe rccps being fcrmed with said fusions in the absence c* 
said capsic protein expressed in wild-tvpe fcrrr. . 

14. A method of producing a member of a specific b ~" nc - — 

10 pair ( sbp ) which method comprises: * ~ W * 

expressing in recombinant host cells nucleic acid encod-— 
said sbp member cr a genetically diverse population c-" t.Ta- 
type of sbp member, wherein the or each said sbp membe-" c~ 
a polypeptide component thereof is exoressed as a fusion 

15 with a component of a secreted replicable aenetic d^sclav 

package (rgdp) which displays said sbo "member at ' the 
surrace or tne package, nucleic acid encodinc said sbo 
memoer or a polypeptide component thereof beina contained 
within the host, cell in a form that is capable of being 

20 packagea using said rgdp component, whereby the aenetic 

material of the rgdp displaying an sbp member encodes said 
sbp memoer or a polypeptide component thereof, said sbp 
member or polypeptide component thereof being expressed 
from a pnagemid as a capsic fusion, and a helper phaae, or 

2o a plasmid expressing complementing phage oenes is" used 

along with said capsic fusions to package the' phagemid 
nucleic acid. ^ 



30 



45 



15. A method according to claim 14, wherein said caosid 
protein is absent, defective cr conditionally defective in 
the heiper phage. 

16. A method according to any one of claims 13 to 15 
wnerem the host cell is a mutator strain which introduces 

" generic civersity into the sop member nucleic acid. 

17. A method according to any one of claims 9 to 16 
wnerem said libra-/ or genetically diverse population is 
ootained from: 

40 (i) rhe repertoire of rearranged immunoglobulin genes 

of an animal immunised with comDlementary sbp 
member , 

(n) the repertoire cf rearranged immunoglobulin genes 
of an animal net immunised with comDlementary sbp 
member , 

(iii) a repertoire of an artificially rearranged 
immunoglobulin gene or genes, 

(iv) a repertoire of an immunoglobulin homolog gene 
or genes , or 

50 (v) a fixture of any of (i), ( ii ) , (iii) and < iv ) . 

18. A method according to any one of the preceding claims 
wherein said sop memoer comprises a domain which is, or is 
homologous to, an immunoclobulin domain. 

19. A method according to any one of the preceding claims 
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wherein the rgcp is a bsctericznace. the host -~ a 
bacterium, and said component cf the rgcp «s a c^psid 
protein for the bacteriophage. 

5 20. A method according to claim 19 wherein the pnage is 

a filamentous phage. 

21. A method according to claim 20 wherein the phace is 
selected from the class I phages f d , M13, f 1 . I f 1 , Ike. 

.10 Z3/Z, Ff and the class II phages Xf, Pfl and ?f 2 . 

22. A method according to claim 20 or claim 21 wherein 
said sbp member or polypeptide chain thereof is expressed 
as a fusion with the gene III capsid protein of phaae fd 

15 cr its counterpart in another filamentous phage. 

22 . A method according to claim 22 wherein said sbp member 
or polypeptide chain thereof is inserted in the N-terminal 
region of the mature capsid protein downstream of a 
20 secretory leader peptide. 

.24. A method according to any one of claims 19 to 23 
wherein the host is E.coli. 

25 25. A method according to any one of the preceding claims 

wherein nucleic acid encoding an sbp member polypeptide is 
linked downstream to a viral capsid protein through a 
suppressible translations 1 stop codon. 

20 26. A method according to any one of the preceding claims 

wherein the rgdps formed by said expression are selected 
or screened to provide an individual sbp member or a mixed 
population of said sbp members associated in their 
respective rgdps with nucleic acid encoding said sbp member 

2o cr a polypeptide chain thereof. 

27. A method according to claim 26 wherein the rgdps are 
selected by affinity with a member complementary to said 
sbp member . 

40 

28. A method according to claim 27 which comprises 
recovering any rgdps bound to said second member by washing 
with an eluant. 

29. A method according to claim 28 wherein the eluant 
contains a molecule which competes with said rgdp for 
binding to the complementary sbp member. 

30. A method according to any one of the claims 27 to 29 
50 wherein the rgdp is applied to said complementary sbp 

member in the presence of a molecule which competes with 
said package for binding to said complementary sbp member. 

31. A method according to any one of claims 26 to 30, 
z5 wnerein nucleic acid derived from a selected or screened 

rgdp is used to express said sbo member or a fraament or 
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derivative thereof ir. a recombinant r.cst crganisr.. 

22. A method according to claim 31 wherein nucleic acid 
from one or more rgdps is taken and used to provide 
encoding nucleic acid in a further said method to Catal- 
an individual sbp member cr a mixed population c: see 
members, cr encoding nucleic acid therefor. 

22. A method according to claim 31 or claim 32 wherein the 
expression end product is modified to produce a derivative 
thereof . 



34. A method according to any one of claims 3 1 , 22 and 33 
wherein the expression end product or derivative thereof 
1- is used to prepare a therapeutic or prophylactic medicament 

cr a diagnostic product. 

25. Recombinant host cells harbouring a librar-y of nucleic 
acid fragments comprising fragments encoding a genetically 

20 diverse population of a type of member of "a specific 

binding pair (sbp), each sbp member or a polypeptide 
component thereof being expressed as a fusion with a 
component of a secretable replicable genetic display 
package (rgdp), so that said sbp members are displayed on 
surface of the rgdps in functional form and the genetic 
material of the rgdps encode the associated sbp member or 
a polypeptide component thereof. 

26. Recombinant host cells according to claim 35, wherein 
20 said rype of sbp member are immunoglobulins or 

immunoglobulin homoiogs, a first polypeptide chain of which 
is expressed as a said fusion with a component of the rgdp 
and a second polypeptide chain of which is expressed in 
free form and associates with the fused first polypeptide 
chain in the rgdp . 



27. A helper phage whose genome lacks nucleic acid 
encoding one of its capsid proteins, . or whose encoding 
nucleic acid therefcr is conditionally defective, or which 
40 encodes said capsid prctem in defective or conditionally 

defective form. 

38. A bacterial host cell containing a filamentous phage 
genome defective for a capsid protein thereof and wherein 
45 the host cell is capable of expressing capsid protein 

complementing said defect such that infectious phaae 
particles can be obtained therefrom. 



39. A bacterial host cell according to claim 38 wherein 
said complementing capsid protein is expressed in said host 
from another vector contained therein. 



40. A bacterial host cell according to claim 38 or claim 
39 wherein the defective capsid protein is gene III" of 
5 5 phage fd or its counterpart in another filamentous phage. 
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41. Recombinant -* c -- : 
I247S ) - 



Cl — - Nc . ^ ■ V 



42. A phace having ^ne ---- c. o ^ . = - 

cisoiav package displaying on its . surrace -~ ~r~"Z:ZZ 

form a memoer cf c spec a - 

domain —hereof. 

A k ,- r fcr U se in earning our a method according to 
in anv one of claims 1 to 34, said kit including: 

10 any one ^ least one vector having an oricir. or 

^ . -eo^cation fcr single-stranded bactenopnage, 

a restriction site for insertion of nucleic acio 
encoding said stop member or a polypeptide 
comoonent thereof in the 5' end region cr the 
mature coding seauence of a phage capsid protein 
and with a secretory leader sequence upstream or 
said site which directs a fusion of the capsid 
protein and sbp polypeptide to the periplasmic 
, n space of a bacterial host; and 

ancillary components required for carrying out 
the method. 
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Fig. 2 (i) 




ag 



Fig. 2(H) 
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fc - tet 

cleave with BstEII 
fill m with Klenow 

re -ligate 
! 

FDT6 Bst 

in viiro mutagenesis (oligo 1} 
T 

FDTPs/Bs 

in vitro mutagenesis (oligo 2) 
T 

FDTPs/Xh 
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Fig. 5. 

rfcs m y. v I_ !- p t .- a 

Q-7 - T^C AAATTCTT^TTT CAAGtlAGA Cl^ 

10 20 30 40 50 6C 

sphl 

PelB leader 

r; L, L, L. L. A, O P A M A Q V Q L O E S 

CCTCG ATH. ' I ' I ' A T T TA( * 1 1 1 * 1 1 j CC^J^TCTI5CGATGGCCC3lGg 

70 80 90 100 110 120 
- - PstI 

GPGLVAPSQSLSITCTVSGF 
GGACCTSGCCTGGTITSGCGCCCTTXIACAGA^ 

130 140 150 160 170 180 



SLTGYGVNWVRQPPG KGLEW 
TCATI7^CCGGCTATGGT3TAAACT3GGTTCGCC^ 

190 200 210 220 230 240 

VHD1.3 

LGMIWGDGNTDYNSALKSRL 
CTPGGGAATGATTTGGGGTaATGGAAACAC^^ 

250 260 270 280 290 300 



S I S KDNS.KSQVFLKMNSLHT 
AGCATCAIXLAAGCLAGAACTC CAA^ 

310 320 330 340 350 360 

DD TARYYCARERDYRLDYWG 
GATXIACACAGCCAGGTACTACTGTGCC^^ 

370 380 290 400 410 420 

Linker Peptide 

QGTTVTVSS G G G n S G G G Q S S 

CAAGGCACCACSZEIA^'L." 1 1 '-JCIMAggr ggaggcggn t caggcggaggr gg et cr ggc 
43f: 440 450 460 470 480 

B3CEII 

g G G S D I ELTQS PASLSASVG 
rrrp- ggnggar ogT, AC? TFC- A r-^^ACTCAfTTCTCCAGC CTCCC 1 ' 1 ' 1 1 UCGTIX-- 1 \j 1 '^GGA 
490 500 510 520 530 540 

Sac I 
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Fig. 5 con t. 



ZTVTITCRASGN IK NY LAW Y 
GAAACTGTCACC^TCACATGTC^AGCAAGTG^^ .'AT 

550 560 570 _ . 5 80 5.90 600 



QQKQG KS PQLLV. YYTTTLAD 
C^GCAGAAAC^GGGAAAATCTCCTC^GCTCC 1 \JL! i X_' I ATTATACAACAACCTTAGCAGAT 
€10 620 630 640 650 660 

VKD1.3 

GVPSRFSGSG'SGTQYSLK I H 
GGTGTGCCATCAAGGTTCAGTITGGCAGTGGATK^ 

670 680 690 700 710 720 



SLQPEDFGSYYCQHFWSTPR 
AGCCTGCAAC CIX3AAGATTTTGGGAJJT T rATTACTGTCAACA' I'l'l'l'l VJGAGTACTCCTCGG 
730 740 750 7 60 770 780 

Myc Tag (TAOl) 

TFGGGTKLEI K R F O K" I, T S F F 

790 800 eiO 820 830 840 

Xhc I 

D L N » « 

GATCTGAATTAATAATQATCAAACGTT7-ATAAGGATC CAGCTCGAAIIEC 
850 860 870 880 

EcoRI 
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0 1 2 3^5 

Volume of phage supernatant- (mis) 



Fig. 7. 




FDTSCFVD1 3(lys) 
FDTPs/Xhdys) 
FDTSCFVD1-3(BSA) 
FDTPs/Xh (BSA) 



Coating concentration ( pg/ml) 
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Fig. 8. 



Cleovacs 
Sire' 

fd -gene III j- id - CAT 2 1 fd-oenelll 

leader polylmker 1 

- 1 * 1 *2 
HSAQVQLQEL E I KRAAAE'TV 
- - CACAG7GC Aca ggr ccaa ctgcaggagc r cgagarcasacgggcgo c cGC AGAA ACTGTT 



ApaLI PsM Sad Xhol Not I 
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Fig. 10. 



M K Y L L ? 
10 20 30 40 ""^so" 



A G Lr L L L A ; 
GCTGGAIITS^rTATIACinjCXGC 
70 60 



Q ? A M A Q V Q L- 0 
jAAOCAGGGAJGGCCC ?^:^^ 

90 100 110 



120 



GPGLVAPSQSLSITCTVSGF 
GGACCT3GCCTGGTGG03CCZECAC^^ 

±40 150 160 170 180 



S L T G Y G Y N V; V R Q p p G K G L E W 
190 200 210 220 230 2*0 



L C \ M 1 ™ , G D G N T D Y N S A. L K S R 'L 
CTG3GAATTGATITGGGGTGA2I3GA^ 

250 260 270 280 290 300 



SiSKDNSKSQVFLKMNSLHT 
310 320 330 340 350 360 



DDTARYYCARERDYRLDYWG 
GAIGAiZACaGCX^GGT^CI^IEGTC 

370 380 390 400 410 420 



° ° T T V T V SSASTKGPSVFPL 
43 0 440 450 460 470 480 



APSSKSTSGGTAALGCLVKD 
490 5 °0 510 520 530 540 
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Fig.10conf.(V 
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